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Most recently, research on stormwater detention ponds has 
focused on designs and operations that will improve the water quality 
of the discharge. Historically stormwater detention ponds were used 
to reduce the rate of runoff from the watershed area by using 
temporary storage to attenuate flow rates. 
The study site was located near Orlando, Florida, and consisted 
of a detention pond, namely Lake Angel, which received stormwater 
runoff from a 131-acre area. Hydrologic data such as precipitation, 
runoff, and pond outflow were measured at the site. Total and 
suspended solids data for the pond outflow and stormwater runoff also 
were collected at the site. Using these data both the hydrologic 
budget and solids removal efficiency of the detention pond were 
determined. Pond outflow was measured continuously and 319 solids 
determinations were made. However, all data were simulated on an 
hourly basis. 
A computer program, STORCALC, was written to simulate inlet and 
outlet flow rates and solids concentrations. Groundwater inflow 
rates were determined from a hydrologic balance and verified by water 
table measurements and equations for groundwater flow. 
Solids removal efficiencies were determined based on 
concentration and mass. There was a significant difference between 
concentration and mass removal efficiencies, thus, it was concluded 
that detention ponds with groundwater inflow can have a negative 
removal efficiency of total and suspended solids based on the runoff 
and pond outflow mass while having a positive removal efficiency of 
total and suspended solids based on concentration. 
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The historical purpose of a stormwater detention pond is to 
reduce the rate of runoff from the watershed area by using temporary 
storage (Wanielista 1979). Another more recent objective of a 
stormwater detention pond is to improve the water quality of the 
discharge. The study site of the research is an operational 
stormwater detention pond, ·Lake Angel, in which the outflow from the 
pond flowed down a 172 foot well to recharge the Upper Floridan 
Aquifer. The objective of this study was to determine the total and 
suspended solids removal efficiency based on runoff and outlet 
solids. Since continuous measurement of solids was not possible, a 
one-hour time simulation of flow rates and solids was done. However, 
the simulation model is not site specific and can be modified to 
simulate any detention pond. 
Site specific data such as precipitation, outlet flow, and 
solids were collected. The site specific data were limited to the 
study of the detention pond during a period of one year. Also, the 
research was limited to a study of the runoff and outlet conditions. 
No attempt was made to determine other solids inputs (precipitation, 





Historically, detention basins were used to decrease the rate of 
runoff over time. Since many studies are now underway on stormwater 
quality, detention basins are also used to improve the quality of 
runoff (Driscoll 1983; Wanielista et al. 1981). Currently the EPA's 
Nationwide Urban Runoff Program data are being evaluated for 
performance characteristics and costs of feasible urban runoff 
quality control measures. 
The water quality performance is generally based on runoff and 
detention pond outlet conditions. The removal efficiency is most 
likely related to basin size, storm patterns, and the intensity or 
size of the storm. Generally, detention basins perform more poorly 
for large or intense storms rather than for small or less intense 
storms. For very large basins even the large or intense storms may 
not significantly decrease the removal efficiency. A drawback 
related to very large basins is the availability of land, and/or cost 
so that implementation may not be economical (Driscoll 1983). 
Storm runoff is highly variable, both quantitatively and 
qualitatively. The quantity of runoff from a given watershed area is 
related to precipitation, soil type, and land use. The concentration 
2 
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of solids is related to precipitation, traffic volume, land use, 
highway maintenance practices, and the type of pavement which effects 
the particle size of solids and the total mass loading of solids 
(Chui et al. 1982). Two types of total solids are dissolved solids 
and suspended solids. The solids can be further catagorized into 
volatile and non-volatile. Table 1 presents some total, suspended, 
and volatile solids concentrations found in stormwater runoff 
(Wanielista 1979; Chui et al. 1982; DeFilippi and Shih 1971). Many 
of the suspended solids in highway stormwater are non-volatile. For 
six highway sites, Gupta (1981) reported average concentrations of 
suspended solids and volatile suspended solids to range from 53-445 
mg/L and 14-103 mg/L respectively. 
Table 2 presents characteristics of stormwater and the 
corresponding flow rates from the commercial section of the Lake Eola 
drainage basin in Orlando, Floirda (Wanielista 1976). The longer the 
elapsed time between rainfalls the more the amount of particulates 
accumulate on the land surface. Normally areas of industrial 
centers, construction sites, and central cities yield high amounts of 
particulate solids. Grassy areas such as parks and well-kept 
residential areas yield low amounts of particulate solids. 
Total solids are important because of their potential impact in 
terms of aesthetics, toxics, and oxygen demand. Schillinger and 
Gannon (1985) researched the bacterial adsorption to suspended solids 
in stormwater. They conducted their research in the Ann Arbor, 
Michigan area, Allen Drain. The results of their research are 
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TABLE 1 
STORMWATER QUALITY CHARACTERISTICS 
VOLATILE 
TOTAL SUSPENDED SUSPENDED 
SOLIDS SOLIDS SOLIDS 
LOCATION (mg/L} (mg/L} (mg/L) 
East Bay Sanitary 
District, CA 
Minimum 726 16 
Maximum 4400 
Average 1401 613 
Cincinnati, OH 
Average 227 
Los Angeles County 
Average 1962-1963 2909 
Washington, DC Catch-Basin 




Oxney, England 2045 
Orlando, FL 
Lake Eola Drainage Pipe 1-36 
from Residential Area 
Orlando, FL 




Minimum 54 4 
Maximum 522 428 
Average 106 37 
Snoqualmie Pass 
Minimum 13 1 
Maximum 270 39 
Average 63 12 
Good Hope Run 
Mean 2166 1697 145 
Range 338-14600 13-11280 0-880 
TABLE 2 
FLOW RATE AND CHARACTERISTICS OF WATER SAMPLES FROM THE 
COMMERCIAL SECTION OF THE LAKE EOLA DRAINAGE BASIN 
CARBON NITROGEN PHOSPHORUS AVG. 
COND. SS TDS (mg/L) (mg/L-N) (mg/L-P) FLOW 
DATE TIME ( mho/cm) (mg/L) (mg/L) IC TOC TKN N03-N OP TP (cfs) 
5/01/75 17:15 360 4.0 31.8 3.2 0.42 0.17 0.33 0.64 0.276 
5/05/75 22:45 320 124.0 786 14.3 146 3.87 1.33 0.59 0.76 0.505 
5/05/75 22:55 255 196.0 454 9.9 133 3.11 1.26 0.70 0.92 2.084 
5/05/75 23:05 237 130.0 242 9.6 98 1.86 1.13 0.38 0.50 1.277 
5/05/75 22:28 300 203.0 288 21.1 30.5 0.89 0.36 0.60 0.586 
5/06/75 23:28 355 1.3 293 28.2 10.8 0.61 0.38 0.64 0.276 
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presented in Table 3. They found, through their research, that 
adsorption was of sufficient magnitude to warrant a study of 
bacterial attachment and sedimentation when modeling bacterial 
disappearance in natural waters or in treatment processes. 
Sedimentation of the suspended solids leads to the formation of high 
populations of bacteria and pathogens in the bottom sediments which 
is a health concern in recreational waters and in shell fishing 
waters. 
TABLE 3 
ALLEN DRAIN SUMMARY DATAa 
Standard 
Parameter Mean Range Deviation 
Fecal Coliforms (per 100 ml) 2.4b 0.12-11.0 
SPC (per ml) 2.2b 0.34-14.0 
Gram-negs (per ml) 2.ob 0.04-7.3 
Klebsiella (per 100 ml) 0.49b 0.40-1.9 
Pseudomonas (per 100 ml) 0. 011 b 0.001-0.18 
Total Solids (mg/L) 774 250-1997 453 
Suspended Solids (mg/L) 408 80-1605 397 
Volatile Suspended Solids (mg/L) 102 40-280 64 
Rainfall (cm) 1 0.1-3.8 1.4 
~Ann Arbor, Michigan 
Bacterial 51og means instead of arithmetic means and concentrations given x 10 
7 
Farnworth et al. (1979) found that sediment increases turbidity, 
can physically damage organisms, and can act as a carrier of 
nutrients. A result of the increased turbidity is reduced light 
availability to primary producers, which leads to an unbalance 
between primary production and respiration. Depletion of oxygen, 
increased dissolved oxygen variations during the day and night, 
depletion in transparency, mass dvelopment of algae, and changes in 
biological diversity can result from this unbalance 
(Hvitved-Jacobsen 1983). 
Yousef et al. (1979), Fillos and Swanson (1975), Holdren and 
Armstrong (1980), and Mawson et al. (1983) found that nutrients, 
namely nitrogen and phosphorus, can be released from bottom lake 
sediments. They found that there are many factors, such as pH, 
reduction/oxidation process, mixing intensity, temperature, sediment 
type, and the presence of microorganisms which can affect the release 
or adsorption of nutrients. 
Some common nonstructural management practices to reduce the 
mass input to detention basins include: (1) street cleaning; (2) 
street and catch basin flushing during dry weather; (3) solid waste 
management; and (4) infiltration/inflow studies - the inspection of 
existing sewers. The street cleaning practice uses a brush-type 
mechanical sweeper or a brush and vacuum mechanical sweeper. Both 
practices achieve 87 to 90 percent removal efficiencies of solids. 
The street and catch basin flushing practice is used during dry 
weather flow. This practice reduces the pollutant loading by 
removing solids, using high water pressure, before they can be 
8 
discharged to the detention basin. The flushing practice can achieve 
90 percent removal efficiencies of solids if the frequency of 
cleaning approaches once per day. Thus, a small amount of solids 
will be flushed into the pond each day, achieving a high removal 
efficiency. The solid waste management practice uses antilitter laws 
to reduce pollutant loadings. If infiltration is reduced, in 
existing sewers, then additional storage and treatment is available 
for stormwater. 
Mathematical models for surface waters which relate the mass and 
hydrological inputs and outputs in equation form can be divided into 
the following four areas: (1) single event; (2) hydrograph; (3) 
stochastic; and (4) economic (Wanielista 1979). This study used a 
combination of the hydrograph and stochastic. The hydrograph model 
estimates discharge or runoff versus time. The stochastic model 
STORCALC was written for this research. The stochastic model 
generates the hydrologic and solids mass data as a function of time 
using empirical probability distributions and deterministic 
equations. 
Wanielista (1979) lists sixteen mathematical models, then 
reviews each relating details to input/output and computer hardware 
required. The most common stormwater mathematical models used are 
Corps of Engineers Stormwater Management Model (STORM) and 
Environmental Proteciton Agency Stormwater Management Model (SWMM). 
The SSMADA model is a revision of SMADA, Stormwater Management and 
Design Aid, which was written by Martin P. Wanielista and Tim Curran. 
It is used extensively in the state of Florida. 
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Theoretical Background 
The development of the equations used in the program STORCALC 
were derived by performing water quantity and water quality mass 
balances for the deten4ion pond. 
The inputs for the pond are runoff (R), precipitation (P), and 
groundwater (GW). The outputs are evaporation (E) and the outflow 
(O). Equation 1 is an inventory relationship which was used to 
relate input, output, and storage (Wanielista 1979). 
where 
1/2 (1 1._1 +I.) - 1/2 (Q. l + Q.) = s. - s. l 1 ,_ 1 1 ,_ 
1. =inputs minus evaporation for time period 11 i 11 
1 
( R + P + GW - E), Ac-ft 
Qi = out fl ow for time period 11 i 11 , Ac-ft 
Si = storage for time period 11 i 11 , Ac-ft 
( 1) 
Ii-l' Ii, Oi-l' and Si-l are known quantities, while Qi and Si are 
unknown. Let the central difference be defined as: 
(2) 
The variable I is the average inflow. Since there are two unknowns, 
two equations must be developed. First, rearranging the terms in 




N. = s. + 1/2 Q. = s. l - 1/2 Q. l + I 1 1 1 ,_ ,_ 
N. = 
1 
N. = s. + 1/2 Q. 
1 1 1 




The variable N is used to relate the current outflow to the current 
storage, Equation 4. Both storage and outflow are functions of the 
water surface elevation in the lake. Next, Equation 6 relates 
outflow to the hydraulic head above the weir crest for a simple 
horizontal, broad-crested weir. 
10 
Q = CLHn (6) 
where Q = flow over weir, ft 3/sec 
L = length across the weir, ft (44/12) 
H = head on weir, ft 
C, n =coefficients to be determined for the weir 
C and n can be determined, given Q, L, and H, by logarithmic 
transform of equation 6: 
Log Q = log C + log L + n log H (7) 
Equation 7 is of the same form as the equation of a line, y = mx + b. 
Log Q corresponds to y, n corresponds to the slope m, log C + log L 
corresponds to the intercept b, and log H corresponds to x. McBee 
(1985) measured Q, H, and L for the detention pond weir and then 
determined n and C by using the least squares curve fitting 
technique. The value of n and C are 1.48 and 2.75 respectively. 
Figures 1 and 2 illustrate the relationship between depth and 
storage. Since at each depth both a storage and outflow are known, 
these two variables can then be related and graphed (see Figure 3). 
The graph was divided into three sections to achieve a more accurate 
estimation of the calculated storage and outflow to the actual 
storage and outflow (the points seen on Figure 3). If the plotted 
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Figure 3. Storage Versus Outflow Relationship for Lake Angel. 
13 
correlation factor would not have been as high as the correlation 
factor obtained by a straight-line relationship. If the plotted data 
had been considered to follow one straight-line relationship the 
plotted data for low outflow and small increases in storage would not 
have been estimated accurately by the straight line. For each 
section the intercept, slope, and correlation values were determined. 
For each section, 1, 2, and 3, the relationship between outflow and 
storage was determined. Equations 8, 9, and 10 are as follows: 
Section 1: Si = (Oi + 339.91)/13.81 
Section 2: Si = (Oi + 823.20)/33.13 
Section 3: Si = (Oi + 1289.13)/50.97 
Substituting for S. from Equation 4 into equations 8, 9 and 10 
1 
equations 11, 12, and 13 are derived. 
Section 1: Oi = (Ni 
Section 2: Oi = (Ni 




The units for S, 0, and N are ac-ft. The variable N is used to 
determine which section of the graph should be used in the 







section 1 of the graph is used. If N is greater than or equal to 
27.91 ac-ft and less than 47.11 ac-ft then section 2 of the graph is 
used. If N is greater than or equal to 47.11 ac-ft then section 3 of 
the graph is used. The N values correspond to the intersection of 
sections 1 and 2 and sections 2 and 3. The steps involved in 
determining the current storage and outflow are: first, determine N 
using Equation 5; second, determine outflow using equation 11, 12, or 
14 
13; third, determine storage using Equations 8, 9, or 10 (Wanielista 
1979). 
The volume and flow rate of runoff resulting from a rainfall is 
important to determine peak flow rates and storage requirements. 
Wanielista et al. (1986) reported runoff percentages of 40-90 percent 
of rainfall for watersheds similar to the site reported in this work. 
Percent runoff on a monthly basis is determined using Equation 
14. 
%R = (CR/CP)lOO (14) 
where CR= cumulative runoff, (Ac-ft) 
CP = cumulative precipitation, (Ac-ft) 
The monthly cumulative runoff is a summation of all the runoff for 
the specific month. The monthly cumulative precipitation is a 
summation of all the precipitation for the specific month. 
Percent outflow from the detention pond is defined using 
Equation 15, 
%0 = (CO/CP)lOO 
where CO is the monthly cumulative outflow (Ac-ft), which is a 
summation of all the outflow for the specific month. 
(15) 
A mass balance simply accounts for all the inputs and outputs of 




Figure 4. Mass Balance Diagram 
The basic mass balance equation for a chemical species 11 i 11 is shown 
as follows (Wanielista, Yousef, Taylor, and Cooper 1984): 
(Input Rate); - (Output Rate); + (Generation Rate); = 
15 
(Accumulation Rate); (16) 
This equation can more specifically be applied to both total and 
suspended solids. Equation 17 is the mass balance equation for total 
solids. 
(P)(CPTS)(K) + Dry Fallout+ (R)(CRTS)(K) + GW(CGWTS)(K) (17) 
- E(CETS)(K) - (O)(COTS)(K) + Generation(K) = Accumulation(K) 
where CPTS = precipitation total solids concentration, mg/L 
CRTS = runoff total solids concentration, mg/L 
CGWTS = groundwater total solids concentration, 
CETS = evaporation total solids concentration, 
COTS = out fl ow tot a 1 solids concentration, mg/L 
p = precipitation, Ac-ft 
R = runoff, Ac-ft 
GW = groundwater volume, Ac-ft 
E = evaportion, Ac-ft 
0 = out fl ow, Ac-ft 
K = conversion factor, 8.1 x 10-7 L/Ac-ft 
Generation and Accumulation, Ac-ft(mg/L) 
Dry Fallout, mg 
mg/L 
mg/L 
For calculating removal efficiency based on runoff and outflow mass 
the precipitation and dry fallout are assumed small when compared to 
the other concentration values. The evaporation total solids 
concentration is zero. A detention pond is used to reduce 
16 
concentration and mass in the runoff waters. Thus, values of 
precipitation, dry fallout, and evaporation total solids are 
generally omitted when performing the efficiency calculations. 
However, at least one input, namely groundwater, is assumed important 
in this analysis. With the above assumptions, Equation 18 results. 
(R)(CRTS)(K) + GW(CGWTS)(K) - O(COTS)(K) = 
Accumulation(K) ! Generation(K) 
(18) 
Groundwater flow concentrations into the detention pond are 
possible, but are not considered for efficiency calculations, thus 
the mass input of groundwater total solids for Equation 18 would be 
ignored when performing the efficiency calculations based on runoff 
inputs. 
The mass balance equation for suspended solids is shown in 
Equation 19. 
(P)(CPSS)(K) + Dry Fallout +(R)(CRSS)(K) + GW(CGWSS)(K) (19) 
- E(CESS)(K) -(O)(Coss)(K) + Generation(K) = Accumulation(K) 
where CPSS = precipitation suspended solids concentration, mg/L 
CRSS = runoff suspended solids concentration, mg/L 
CGWSS = groundwater suspended solids concentration, mg/L 
CESS = evaporation suspended solids concentration, mg/L 
COSS= outflow suspended solids concentration, mg/L 
The precipitation, dry fallout, groundwater, and evaporation 
suspended solids concentrations are all assumed to be very small or 
zero when compared to the other concentration values. These values 
are in general omitted when performing the suspended solids 
efficiency calculations. With these assumptions, Equation 20 
represents the suspended solids mass balance: 
17 
(R)(CRss)(K)-(O)(c055 )(K) = Accumulation(K)-Generation(K) (20) 
For total and suspended solids the cumulative mass input, CMI, 
is equal to the runoff mass. For both total and suspended solids the 
cumulative mass output, CMO, is equal to the detention pond outflow 
mass. The percent mass removal of the detention basin is based on 
the standard equation for calculating efficiency: 
where 
%RM = [(CMI - CMO)/CMI]lOO 
CMI = cumulative mass input, mg 
CMO = cumulative mass output, mg 
(21) 
The output flow rate from the pond will increase if groundwater flows 
increase. Thus, the removal efficiencies based on mass also will 




Lake Angel, located on Interstate 4 in southwest Orlando, was 
dug out to serve as a detention pond. Figure 5 is a diagram of the 
detention pond depicting all the inlets and the outlet (drainage 
well). The watershed is 131 acres. The pond is roughly bound by 
Harding Avenue on the north, Interstate 4 on the east and south, and 
Parramore Avenue on the west. The land directly adjacent to the pond 
on the north, east, south and upper west sides are grassy and are 
maintained by the Florida Department of Transportation, while the 
lower west side is marshy and overgrown. Soil column samples of the 
area around the lake indicated that the north, south, and east banks 
were a fine sandy soil, while the west bank was clay. These field 
observations correspond well to the Soil Survey, Orange County 
Florida (U.S. Department of Agriculture, 1960). The watershed area 
for the detention pond is shown in Figure 6. A larger watershed to 
the west of the study site was once connected to the detention pond. 
Michael McBee (1985) found that three other wells (6 11 , 12 11 , and 
20 11 ) adjacent to the study watershed area (see Figure 6) have little 
to no effect on the Lake Angel well. The 12 11 diameter well acts as 











WATERSHED AREA = 131 AC, 
AREA WITHIN THE DASHED LINE 
Figure 6. Lake Angel Watershed Area. 
20 
21 
inlet to Lake Angel. This well also receives some water from 
residential storm sewers. The 20 11 diameter well is a lake control 
well for the small detention pond which is located next to the well. 
The 6 11 diameter well is located in a private driveway. This well 
receives only the overland flow from the immediately adjacent area. 
The only outlet from Lake Angel is a ·drainage well located 40 to 
50 feet north of the northwest corner of the lake. A 36 inch 
diameter corrugated pipe connects the concrete well box to the edge 
of the lake. During this study the pipe was always submerged. The 
water exits the pipe into a 4 foot square concrete box and then flows 
over a rough concrete broad-crested weir, 47.5 inches high, 6 inches 
thick, and 44.0 inches long, into the other half of the well box. 
The water depth on the well side is 7 to 8 inches, the height of the 
steel casing cutoff. The diameter of the well is 20 inches, the well 
depth is 172 feet, and the casing depth is 145 feet. During this 
study water continuously flowed down the well. 
Sampling Procedure and Analysis 
Outlet flow, precipitation, and solids data were collected from 
March 8, 1985, to May 31, 1986. 
The outlet flow from Lake Angel was constantly monitored from 
June 12, 1985, to March 3, 1986, using an ISCO Flow Meter and 
Recorder. The flow meter probe was located on top of the 
broad-crested weir. The flow meter was calibrated using McBee's 
(1985) formula which he developed. McBee (1985) verified his formula 
by direct measurement using a volumetric container which was lowered 
into the well to collect water and by measuring the head over the 
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weir, simultaneously. The flow meter was zeroed approximately every 
two weeks and before a storm in which solids samples were collected. 
For a period of time in June 1985 (June 19-28), October 1985 (October 
4-29), and December 14, 1985, to January 14, 1986,no flow data were 
recorded due to equipment failure. Also, the outlet flow was 
calibrated and manually recorded on June 19, 1985, August 8, 1985, 
January 14, 1985, April 5, 1986, and May 10, 1986. The flow was 
directly measured using a volumetric container which was lowered into 
the well to collect water over a period of time. 
The precipitation data were collected on site using a Texas 
Instrument Model Rain Gauge from June 12, 1985, to March 3, 1986. 
For June 1985 (1-11 and 20-27), September 5 to November 25, 1985, and 
March 3 through May 1986 no on-site precipitation data were recorded 
due to equipment failure. During these periods hourly data recorded 
at the Federal Building in downtown Orlando were used. The Federal 
Building is 1.5 miles north of Lake Angel. 
The procedures used in determining the total, suspended, and 
volatile solids concentration were obtained from Standard Methods 
(APHA, AWWA, and WPCF, 1985), pages 93-97 and Methodology for the 
Study of Urban Storm Generated Pollution and Control(Wullschleger et 
al. 1976), pages 147-158. The details of the procedure can be found 
in Appendix D. 
The solids data were collected from March 8, 1985, to October 
31, 1985. A total of 319 samples were collected at all inlets, the 
middle of the lake, and the outlet. From March 8 to July 17 of 1985 
weekly samples were taken. Initially March 8 and 15 samples were 
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taken at the weir box inlet, main inlet, and at the middle of the 
lake at the one foot, six feet, and ten feet depths. March 21, March 
28, April 10, April 17, April 26, May 1, May 6, May 16, May 23, May 
30, and June 6 samples were taken at the well inlet, weir box inlet, 
main inlet, and the middle of the lake at depths of one foot, six 
feet, and ten feet. A special sampling device, a 10 foot long piece 
of one inch diameter PVC pipe with a cylindrical bottle holder at one 
end, was made so the well inlet samples could be taken. For all the 
above samples total and suspended solids analyses were performed. 
June 27 and July 17 samples were taken at the well inlet and the lake 
sample was combined using 300 milliliters taken at each depth (one 
foot, two meter, and three meter). Samples were no longer taken 
after June 6 at the weir box inlet and main inlet because these 
concentrations were approximately the same as the lake concentration 
value. For these two sampling periods, June 27 and July 17, total, 
suspended, and volatile solids analyses were performed. The weir box 
inlet, well inlet, and main inlet samples were obtained by 
submerging, approximately three inches, a one-liter brown plastic 
bottle. The lake samples were obtained using a Kemerrer Water 
Sampler. All sample bottles and the Kemerrer Water Sampler were 
washed, rinsed with tap water, and rinsed three times with distilled 
water before each sampling date. All of these samples were taken 
during non-runoff or no storm event conditions. 
June 13, June 14, July 12, July 13, August 16, September 20, and 
October 31 samples were taken to represent runoff or storm event 
conditions. June 13 and 14 samples were taken at the main inlet and 
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well inlet. Only total solids analyses were performed on these 
samples. July 12 and 13 and August 16 samples were taken at the main 
inlet and well inlet. Total, suspended, and volatile solids analyses 
were performed on all of these samples. The main inlet sampling 
equipment and procedure were the same as stated earlier, during 
non-runoff conditions. An automatic sampling device, ISCO Automatic 
Sampler, was used to collect the well inlet sample. The device 
filled two 500 milliliter white plastic bottles per 30 minutes. The 
device was started and stopped manually. The bottles were cleaned 
just as the brown plastic bottles were. September 20 and October 31 
samples were taken at the main inlet and three inlets during the 
storm. At the beginning and end of each storm a sample was collected 
at the well inlet. The one liter brown plastic bottles were used for 
the well inlet and main inlet samples. The three inlets were sampled 
using 500 milliliter bottles. One bottle was filled per inlet, per 
sampling time, which due to storm intensity, varied from 14 to 55 
minutes. After returning to the lab, 300 milliliters of each pipe 
sample, for each sampling time, were combined to make one sample 
because all three inlets drained directly from Interstate 4. Total, 
suspended, and volatile solids analyses were performed on all of 
these samples. For all samples, runoff and non-runoff, the filter 
pad color was noted. 
CHAPTER IV 
SOLIDS DATA ANALYSIS AND RESULTS BASED ON CONCENTRATIONS 
Methodology 
The solids data analyzed were divided into two groups: 
non-runoff, defined as a no storm event condition; and runoff, 
defined as a storm event condition (see tables 9 and 10, Appendix A). 
The sample mean, standard deviation, and number of data points were 
determined for the outlet and lake total and suspended solids during 
the non-runoff condition and for the inlet, outlet, and 3 pipes 
total, suspended, and volatile solids during the runoff condition 
(see Table 11, Appendix A). The sample mean, x, was calculated using 
Equation 22 (Daniel 1977). 
n 
X = [ ~ Xi]/n 
i=l 
where n = number of data points 
xi = data points 
(22) 
The sample standard deviation, s, was calculated using Equation 23 
(Daniel 1977). 
(23) 
Hypothesis testing is one approach to statistical inference. 
There are two types of statistical hypotheses, the null and 
alternative hypothesis. The null hypothesis, H
0
, is the hypothesis 
to be tested. It is a statement to the effect that there is no 
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difference between two parameters of two populations. For this 
research an appropriate null hypothesis (H ) would be that the mean 
0 
of the lake samples is equal to (no different from) the mean of the 
outlet samples during non-runoff conditions (Daniel 1977). 
To test a null hypothesis the sample data is examined to 
determine whether or not they are compatible with the null 
hypothesis. If the sample data are not compatible then the null 
hypothesis, H , is rejected. Thus, the sample data do provide 
0 
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sufficient evidence to conclude that the null hypothesis is false and 
that some other hypothesis is true, namely the alternate hypothesis 
(H 1). If the sample data are compatible then the null hypothesis is 
not rejected. Thus, the sample data do not provide sufficient 
evidence to conclude that the null hypothesis is false (Daniel 1977). 
The following procedure is followed when testing a hypothesis 
(Daniel 1977). 
1. Statement of hypotheses 
2. Selection of significance level 
3. Description of population and assumptions 
4. Selection of relevant statistic 
5. Specification of test statistic 
6. Specification of rejection and acceptance regions 
7. Calculation of statistics 
8. Statistical decision 
9. Conclusion 
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When analyzing the data each hypothesis will be stated. The 
selection of significance level, is related to Type I and Type II 
error. Type I error, probability of rejecting a true null hypothesis 
will be used for this research. The samples obtained during this 
research represent a random sample. The relevant statistic to be 
used in testing all of the following hypotheses is the sample mean. 
The test statistic used is the z value, Equation 24 (Daniel 1977). 
- J 2 2 I z = (x. - x.);[ · (s. /n 1·) + (s. /n.)J 1 J 1 J J (24) 
For all data a 95 percent confidence level was used. For a normal 
distribution this level of confidence corresponds to 1.96 standard 
deviations. Thus, if the calculated z value is greater than negative 
1.96 and less than positive 1.96 then the two samples can be 
combined or the null hypothesis is not rejected. For each hypotheses 
the statistical decision and conclusion will be stated. 
The total, suspended, and volatile solids probability 
distribution and cumulative distribution functions were then graphed 
for non-runoff and runoff conditions. The probability distribution 
of a discrete random variable is a graph that specifies the 
probability associated with each possible value the random variable 
can assume. The cumulative distribution is a graph which specifies 
the summation of the probability associated with each possible value 
which is less than or equal to a stated value of the random variable. 
The chi-squared distribution test was used to determine if the 
data could be represented as a normal distribution. The degrees of 
freedom define the confidence level. If the calculated chi-squared 
value is greater than the table chi-squared value, then the data 
cannot be represented as a normal distribution (Daniel 1977). 
Non-runoff Solids Data 
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For the non-rainfall condition, samples were collected at the 
lake outlet and within the lake (see Table 9, Appendix A). Both 
total solids and suspended solids mean, standard deviation, and 
number of values were determined (see Table 11, Appendix A). The 
stated null hypothesis is that the mean of the lake sample is equal 
to the mean of the outlet sample for both total and suspended solids. 
In comparing the lake and outlet total solids data a z value was 
calculated as 0.638, thus the null hypothesis is not rejected and the 
data of the lake and outlet can be combined. In comparing the lake 
and outlet suspended solids data the z value was 1.314, thus the null 
hypothesis is not rejected and the data can be combined. 
The combined lake/outlet total solids and suspended solids was 
then plotted as a histogram to represent a probability distribution 
function. The total solids probability distribution function is 
shown in Figure 7. The theoretical distribution for a normally 
distributed population and empirical or observed distribution data 
were then plotted as a cumulative distribution function. The total 
solids cumulative distribution function is shown in Figure 8. See 
Appendix A for the probability distribution function and the 
cumulative distribution function figures for suspended solids. The 
chi-squared test was then used to determine if the data had a normal 
distribution. For the lake/outlet total solids a chi-squared value 
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Figure 7. Lake/Outlet Total Solids Concentration Probability 











0 50 700 150 200 250 
CONC. m9/J 
Figure 8. Lake/Outlet Total Solids Concentration Cumulative 
Distribution Function During Non-runoff Condition. 
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value of 16.919 for a degrees of freedom equal to nine. For the 
lake/outlet suspended solids a chi-squared value of 13.18 was 
calculated which was less than the table chi-squared value of 16.919 
for a degrees of freedom equal to nine. Thus, the results indicate 
that the lake/outlet total and suspended solids have a normal 
distribution. 
Runoff Solids Data 
For the rainfall condition, samples were collected at the lake 
outlet, the main lake inlet, and the combination of three smaller 
inlets (see Table 10, Appendix A). Total, suspended, and volatile 
solids were determined for all samples (see Table 11, Appendix A). 
The mean, standard deviation, and number of values were recorded. 
The stated null hypothesis is that the mean of the main inlet sample 
is equal to the mean of the three pipes sample for total, suspended, 
and volatile solids. The z value for total solids was 0.446, for 
suspended solids was negative 2.296, and for volatile solids was 
negative 1.429. Thus, the null hypothesis is not rejected so the 
total and volatile solids data can be combined but the suspended 
solids data could not be combined because the null hypothesis is 
rejected. This result can be expected because of the velocity of 
flow in the main inlet. The main inlet is always submerged, thus the 
velocity is not as fast as the three pipes which were not submerged. 
Also, because the main inlet is submerged the suspended solids are a 
majority of algal growth (green filter pad color) whereas the three 
pipes' filter pad colors were brown indicating a difference. See 
Table 4 for a summary of the solids concentration data. 
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TABLE 4 
SUMMARY OF SOLIDS CONCENTRATION DATA 
NUMBER OF MEAN STANDARD 




Main Inlet/ 43 185.3 49.4 
3 Pipes 
Outlet 24 150.9 42.3 
Average Suspended 
Solids 
Main Inlet 25 38.5 34.3 
3 Pipes 11 71.2 41.4 
Outlet 17 20.0 9.0 
Average Volatile 
Suspended Solids 
Main Inlet/ 36 23.6 14.1 
3 Pipes 




Outlet/Lake 29 146.8 29.5 
Average Suspended 
Solids 
Outlet/Lake 27 14.2 4.6 
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Another null hypothesis is that the mean of the inlet sample 
during runoff is equal to the mean of the outlet sample during 
non-runoff for total and suspended solids. For the total solids 
data, z was 4.133 thus the null hypothesis is rejected so the data 
cannot be combined and a statistical difference is indicated. As 
expected, runoff influent total solids are higher than non-runoff 
lake solids. Thus, there most probably are removal mechanisms, based 
on the solids concentrations, for total solids in the lake. As noted 
in the preceding paragraph the main inlet and the three small inlet 
suspended solids data could not be combined, thus each was compared 
to the outlet data. For the main inlet and the outlet data a z value 
of 3.513 was calculated, thus the null hypothesis is rejected so the 
data cannot be combined and a statistical difference is indicated. 
For the three small inlets and the outlet data, a z value of 4.555 
was calculated, thus the null hypothesis is rejected so the data 
cannot be combined and a statistical difference is indicated. Again 
it should be noted that this indicates either a removal or dilution, 
based on the solids concentrations, of suspended solids in the lake. 
Next, the inlet during runoff and the outlet during runoff were 
compared. The stated null hypothesis is that the mean of the main 
inlet sample during runoff is equal to the mean of the outlet sample 
during runoff. For the total solids a z value of 3.002 was 
calculated, thus the null hypothesis is rejected so the data cannot 
be combined or there exists a statistical difference. Again the main 
inlet and three small inlet suspended solids data were compared 
separately. For the suspended solids data of the main inlet and the 
outlet a z value of 2.570 was calculated and for the three small 
inlets and the outlet a z value of 4.040 was calculated. Thus, the 
null hypothesis is rejected so the suspended solids data cannot be 
combined. For the volatile solids data a z value of 2.590 was 
calculated, thus the null hypothesis is rejected so the data cannot 
be combined. These results indicate that there is a significant 
difference between the inlet and outlet concentrations during the 
runoff condition. 
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The final comparision was of the outlet during runoff and the 
lake/outlet during non-runoff. The stated null hypothesis is that 
the mean of the outlet sample during runoff is equal to the mean of 
the lake/outlet sample during non-runoff. For the total solids a z 
value of negative 0.401 was calculated, thus the null hypothesis is 
not rejected so the data can be combined. For the suspended solids a 
z value of negative 2.462 was calculated, thus the null hypothesis is 
rejected so the data cannot be combined. Thus the oulet suspended 
solids concentration during runoff is shown to be significantly 
different than the outlet suspended solids concentration during 
non-runoff. 
Tab 1 e 5 i s a summary of a 11 the 11 z 11 val u es • 
For total solids a histogram was plotted to represent a 
probability distribution function for the combined main inlet and 
three small inlets and the outlet. The combined main inlet and three 
small inlets total solids probability distribution function is shown 
in Figure 9. For suspended solids the main inlet, three small 
inlets, and the outlet are each plotted using a probability 
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TABLE 5 
SUMMARY OF 11 z11 VALUES 
HYPOTHESIS 
Ho: XLTS = XOTS 
Ho: XLSS = Xoss 
11 z11 VALUE* 
0.638 
1.314 
Ho: XITS = X3PTS o. 445 
Ho: XISS = X3PSS -2.296 
Ho: XIVS = X3PVS - 1•429 
Ho: XIPTS = XoLTS 4•133 
Ho: X3PSS = ~OLSS 4•555 
Ho: X1ss = Xoss 2.570 
Ho: ~3PSS = Xoss 4 .o4o 
Ho: XIPVS = Xovs 2•590 
TS= Total Solids 
SS = Suspended Solids 
VS= Volatile Solids 
Lake TS = Outlet TS during non-runoff 
Lake SS = Outlet SS during non-runoff 
Main inlet TS = 3 pipes TS during runoff 
Main inlet SS = 3 pipes SS during runoff 
Main inlet VS = 3 pipes VS during runoff 
Main inlet/3 pipes TS during runoff = 
Lake/Outlet TS during non-runoff 
Main inlet SS during runoff = Lake/Outlet 
SS during non-runoff 
3 pipes SS during runoff = Lake/Outlet SS 
during non-runoff 
Main inlet/3 pipes TS = Outlet TS during 
runoff 
Main inlet SS = Outlet SS during runoff 
3 pipes SS = Outlet SS during runoff 
Main inlet/3 pipes VS = Outlet VS during 
runoff 
Lake/Outlet TS during non-runoff = Outlet 
TS during runoff 
Lake/Outlet SS during non-runoff = Outlet 
SS during runoff 
*Accept hypothesis if -1.96 < z < 1.96 
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Figure 9. Inlet - Three Pipes Total Solids Concentration 




distribution function. The main inlet suspended solids probability 
distribution function is shown in Figure 10. For volatile solids the 
outlet and the combined main inlet and three small inlets are each 
plotted using a probability distribution function. The combined main 
inlet and three small inlets volatile solids probability distribution 
function is shown in Figure 11. Following the plotted probability 
distribution functions are the plotted theoretical distribution for a 
normally distributed population and empirical distribution data as a 
cumulative distribution function, shown in figures 12, 13, and 14. 
See Appendix A for the probability distribution functions and 
cumulative distribution function for the outlet total solids, three 
pipe inlets and outlet suspended solids, and outlet volatile solids. 
The chi-squared test was then used to determine if the data had a 
normal distribution. Table 6 summarizes the calculated chi-squared 
values along with the theoretical values. From the results the 
inlet-three pipes and outlet total solids data can be represented by 
a normal distribution. All of the suspended and volatile solids data 
cannot be represented by a normal distribution. 
Effectiveness Based on Concentration Differences 
Results of the solids sampling are summarized previously in 
Table 4. Total solids concentration in the runoff waters were 
slightly higher than the pond waters. The average main inlet/3 pipes 
total solids concentration during runoff compared to the average 
outlet during non-runoff is 185.3 mg/L versus 146.8 mg/L for a 

















Figure 10. Main Inlet Suspended Solids Concentration 
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Figure 11. Inlet - Three Pipes Volatile Solids 
Concentration Probability Distribution 
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Figure 12. Inlet - Three Pipes Total Solids Concentration 
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Figure 13. Main Inlet Suspended Solids Concentration Cumulative 
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Figure 14. Inlet - Three Pipes Volatile Solids 
Concentration Cumulative Distribution 




CHI-SQUARED VALUES DURING RUNOFF CONDITION 
DEGREES OF 
THEORETICAL x2 SAMPLE FREEDOM EMPIRICAL x2 
RUNOFF: 
3 Pipes Inlet, 9 16.919 13.31 
Total Solids 
Outlet, Total Solids 9 16.919 12.02 
Inlet, Suspended 6 12.592 18.57 
Solids 
Three Pipes, 7 14.067 14.91 
Suspended Solids 
Outlet, Suspended 8 15.507 25.93 
Solids 
Inlet Three Pipes, 7 14.067 21.14 
Volatile Solids 
Outlet, Volatile 9 16.919 19.03 
So 1 ids 
NON-RUNOFF: 
Lake Outlet, Total 9 16.919 11.99 
Solids 
Lake Outlet, Suspended 9 16.919 13.18 
Solids 
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reduction of 63 percent (from main inlet during runoff and 
outlet/lake during non-runoff) and 80 percent (from three pipes inlet 
during runoff and outlet/lake during non-runoff) was noted for 
suspended solids. The major fraction of suspended solids in the 
outlet during runoff is volatile or on the average 83% of the 
suspended solids are volatile solids. In the influent, only 33% of 
the direct highway runoff (from three pipes) was volatile and 61% was 
volatile from the mixed land use (main inlet). While the 
concentration differences of the input and output total and suspended 
solids indicate an effective pond operation, efficiencies based on 
the runoff and outlet mass using Equation 21 from Chapter II, also is 
necessary, when evaluating the effectiveness (percent removal 
efficiency) of the pond operation. 
CHAPTER V 
HYDROLOGIC DATA ANALYSIS 
An evaluation of the hydrologic budget is necessary to describe 
all water inputs and outputs from a surface detention pond. The data 
that are required for the budget are: (1) outflow; (2) groundwater; 
(3) precipitation; (4) evaporation; and (5) watershed runoff. The 
outflow and precipitation data were collected at the pond. The 
actual groundwater flow was not measured during the field 
investigations. The evaporation data were collected at the Lake 
Alfred Weather Station. The watershed data are not a direct input 
into the hydrologic equation, but the data are used to simulate the 
runoff for the basin area. The runoff is an input when determining 
the hydrologic budget. 
Outflow Data 
The outlet flow was measured continuously and recorded every two 
hours. The recorder measured both instantaneous flow and the amount 
of water entering the well over time, (a summation of the 
instantaneous flows). For two rainfall events, the time increment 
was changed to record flow rate every 15 minutes so the flow rate 
could be more accurately recorded during a storm event. The actual 
outlet flow data for the month of August 1985 can be found in 
45 
46 
Appendix B. When a storm event occurred and solids samples were 
obtained the flow recorder was zeroed before the storm event. In the 
absence of storm events and when a storm event occurred but no solids 
samples were taken, the flow recorder was zeroed approximately every 
two weeks. When the flow recorder was zeroed this would have no 
effect on the instantaneous flow measurement, but the sunmation of 
the instantaneous flow would be reset to zero. 
Groundwater Data 
From the continuously measured outflow rates, it was obvious 
that the outlet flow rate continued throughout the year. However, 
there were time periods of no rainfall (non-runoff) conditions. If 
there were no groundwater inputs, one would expect no outflow. 
Using the precipitation data, runoff and non-runoff conditions 
were determined for each outflow recorded. Thus, the missing input 
(from Equation 1, Chapter II) is groundwater flow. Groundwater flow 
cannot be measured directly, thus it was recorded during the 
simulation period. But, in August, September, October, and November 
1986 groundwater levels were measured (see Appendix E). Groundwater 
input to the lake is evident from the measures of water table levels 
around the lake. The water table was measured to be higher than the 
lake. Groundwater flow calculations also support the observation 
that there is a flow into the lake. The groundwater input was 
quantified from the water table measures and by hydrologic balance. 
It is necessary to estimate groundwater flow rates to complete 
the hydrologic balance of the detention pond. During non-runoff 
conditions a frequency distribution for outflow from the pond was 
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developed. It was assumed that the frequency distributions represent 
groundwater inflow during these time periods (see tables 13, 14, 15, 
and 16, Appendix B). The data from August 9 through 20, 1985, will 
be used as an example to illustrate the probability distribution 
function, Figure 15 and the cumulative distribution function, Figure 
16. During periods in which there were no equipment failure random 
numbers were generated, using an empirical probability distribution, 
which were related to a value which was added or subtracted to the 
mean groundwater value to give the groundwater value which was used 
in the storage-outflow calculations. During periods of equipment 
failure a straight-line relationship between the means of the time 
period preceeding and following equipment failure was assumed, thus 
no random numbers were generated. 
The estimated groundwater inflow as calculated in Appendix E 
compares favorably with the groundwater inflow as calculated by the 
hydrologic balance. The order of magnitude of the estimating 
procedure are correct (e.g., 1-2 CFS). 
Precipitation Data 
The precipitation data were primarily recorded at Lake Angel. 
However, during equipment failure, precipitation data were recorded 
at the Orlando Federal Building approximately 1.5 miles north of the 
detention pond. The precipitation data used in the program are 
actual data and are not randomly generated using a probability 
distribution. The precipitation data used in the program can be 
found in Table 18, Appendix B. Precipitation data are an important 
-)( -a.. 
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Figure 15. Groundwater Inflow Probability Distribution 
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Figure 16. Groundwater Inflow Cumulative Distribution 
Function - August 9-20, 1985. 
input, because from this data the runoff was generated using a 
computer program, namely SSMADA. 
Evaporation Data 
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The evaporation data used were obtained from David Baar (1985). 
Baar originally obtained the evaporation data from the National 
Oceanic and Atmospheric Administration in Asheville, NC. The 
evaporation data were collected daily at the Lake Alfred Weather 
Station from 1981 to 1984. 
An empirical probability distribution was determined for each 
month (for example, combining the January data from each year) which 
was then related to a random number interval. The evaporation data 
used in the program can be found in Appendix B. 
Watershed Data 
The watershed data are used to simulate runoff volume into the 
detention pond. The SCS (USDA Soil Conservation Service) curve 
number method was used to estimate infiltration in the pervious areas 
(USDA SCS 1960). As stated earlier, the watershed area is 131 acres. 
The watershed area was determined by reviewing the sewer systems 
(McBee 1985). The time of concentration of 240 minutes was 
determined by matching computer generated and actual detention pond 
runoff hydrographs. The percent impervious area of 45 percent is an 
estimate based on aerial photography of the watershed area. The 
percentage of impervious area that is directly drained, 50 percent, 
the abstraction for the impervious area, 0.1, and the abstraction for 
the pervious area, 0.25, were all determined when simulating the 
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runoff and pond outflow hydrographs and rainfall excess. Different 
values were used for these three variables to try to determine the 
best fit hydrographs. Comparisons were made of the area under the 
curve and of the simulated pond outflow hydrograph to the actual 
outflow hydrograph. The SCS curve number for the pervious portion is 
61, which corresponds to watershed hydrologic soil group B and the 
watershed land use of open space, lawns, parks, and good condition 
with grass cover on 75% or more of the watershed area (Wanielista 
1979). Because the suspended solids concentrations of the main inlet 
and three pipe inlets could not be combined the runoff flowrate 
through these inlets had to be estimated when simulating the solids 
analysis portion of STORCALC. It is estimated that three-quarters of 
the total runoff is through the main inlet and one-quarter of the 
total runoff is through the three pipes' inlets. The estimate is 
based on the percentage of impervious land draining into the pipes. 
Three-quarters of the impervious area is north of the detention pond 
and flows to the main inlet, while one-quarter of the impervious area 
is to the east and south of the detention pond thus flowing through 




Hydrologic computer programs are useful to duplicate natural 
flows which occur with low probability or which take years to tens 
and hundreds of years to occur. The computer program can save time 
and cost in the study of rainfall-runoff events. An existing 
program, namely SMADA, is a hydrologic model which uses precipitation 
data, transport data, and watershed data to estimate a runoff 
hydrograph, pollutant generation, design specifications for a 
retention/detention basin, peak flows, and a detention pond outflow. 
It is a single storm event model, written in the BASIC language. 
Simulation Programs 
Since the detention pond being studied has a continuous outflow, 
a single event model would not provide information on between storm 
event pond outflow rates and solids. The sampling program at the 
site did provide some solids data for select times during and between 
storm events. Also, a continuous measurement (except for equipment 
failure times) of the outflow hydrograph was available. 
Unfortunately very few runoff hydrographs and pollutographs 
(concentration versus time) could be measured. There are about 120 
storms per year at the site. The time and cost would be high and 
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most likely, this level of intense site collected data is not 
possible because of equipment failure and the random nature of 
storms. Thus, a computer based simulation is needed to provide a 
more complete history at an acceptable cost. 
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Two computer programs, SSMADA and STORCALC, were used to 
simulate the runoff and outflow of water, and total and suspended 
solids for a detention pond. An overview is shown in Figure 17. 
SSMADA is the time simulation of SMADA (Stormwater Management and 
Design Aid), which was written by Dr. M.P. Wanielista and others. 
SSMADA is a simulation (on a hourly basis) for input and output 
detention pond flow rates and solids. One major deficiency of the 
program is that it does not incorporate groundwater flows into or 
from a detention pond. Also, a time dependent simulation of the 
detention pond storage discharge relationship is not possible. Thus 
another simulation program written in BASIC was developed, and named 
STORCALC. Figure 18 is a flow chart of the program STORCALC. 
STORCALC uses the hourly runoff generated by SSMADA, precipitation, 
groundwater, and evaporation which are randomly generated given their 
empirical probability distributions to simulate the hourly outflow 
volumes and solids of a detention pond. The distributions were 
determined from the outlet and input site specific data during runoff 
and non-runoff conditions. STORCALC also calculates the monthly 
percent removal of total and suspended solids. The efficiency 
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Both SSMADA and STORCALC prompt the user for the inputted data 
which are required for execution. A listing of the STORCALC program 
is in Appendix C. The detailed description of the STORCALC coding 
can be found in Table 20, Appendix C. 
CHAPER VII 
MASS REMOVAL RESULTS 
The detention pond outlet flows and solids were simulated using 
data for the period June 1, 1985 to May 31, 1986. The model was 
calibrated using data from the month of August. The hydrologic 
summary data available from the simulation are maximum and minimum 
storage; maximum, minimum, and cumulative outlfow; cumulative 
groundwater inflow; percent runoff; and percent ouflow as shown in 
Table 7. The minimum storage volume never was below the level of the 
outlet weir. Thus a relatively constant minimum storage volume was 
found for the year of simulation. The cumulative outflow volume was 
highest in July and lowest in May. Besides a high rainfall volume in 
July, groundwater inflows were high. The cumulative groundwater 
inflow volume peaked in August and decreased through the remainder of 
the simulation period with small increases observed in December and 
March. The fluctuations of groundwater are influenced by 
precipitation. Both storage and outflow are influenced by a large 
groundwater input. The difference between runoff flow volume to the 
pond and outlet flow volume also reflect groundwater inputs. The 
percent outflow values are high due to the groundwater flows and the 
percentage is compared to the volume of precipitation. The average 
percent runoff over the entire simulation period is 45. Thus, the 
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TABLE 7 
SIMULATED MONTHLY HYDROLOGIC DETENTION POND DATA 
MONTH STORAGE OUTFLOW GROUNDWATEH PERCENT PERCENT 
MAXIMUM MINIMUM MAXIMUM MINIMUM CUMULATIVE CUMULATIVE RUNOFF OUTFLOW 
AC-FT AC-FT AC-FT AC-FT AC-FT AC-FT % x 
HR HR HR ~ 
1985: 
JUNE 24.70 24.61 1.2768 0.000 82.04 30.26 67 106 
JULY 24.83 24.61 3 .038 0.099 135 .92 94.43 61 195 
AUGUST 24.67 24.61 0.822 0.114 120.23 100 .45 58 335 
SEPTEMBER 24.76 24.61 2.058 0.098 119 .04 90.36 58 238 
OCTOBER 24.67 24.61 0.872 0.068 75.65 67.81 40 343 
NOVEMBER 24.62 24.61 0.204 0.077 63.80 63.51 23 1146 
DECEMBER 24.69 24.61 1.095 0.084 82.52 66.26 49 248 
1986: 
JANUARY 24.80 24.61 2. 737 0.080 109.44 64.56 65 160 
FEBRUARY 24.64 24.61 0.455 0.075 64.42 60.32 34 437 
MARCH 24.63 24.61 0.368 0.084 77 .26 71.73 36 466 
APRIL 24.62 24.61 0.126 0.013 21.88 23.14 17 557 
MAY 24.63 24.61 0.241 0.003 8.21 7.75 28 83 
AvG=24 .69 AVG=24.61 AVG=l.108 AVG=0.066 E=960.41 b =740.58 AVG=45 AVG=360 
U1 
co 
*Conversion factor from Ac-Ft to CFS = 12.11 
HR 
estimate of 45% of the watershed area as impervious appears to be 
accurate. 
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Figures 18, 19, 20, and 21 depict the actual and simulated 
outlet flow for the month of August. The simulated data corresponds 
well to the actual data, especially during the storms recorded on 
August 3, 24, 27, and 31. Where there is no actual peak but there is 
a simulated peak is an indication of the sensitivity of the 
simulation programs. During these times a small amount of rainfall 
fell, thus SSMADA generated runoff and runoff was added as an input 
to STORCALC, thus increasing the outflow and storage. Another 
explanation of why there is no actual peak is the 12'' well (see 
Figure 6), which is located just inside the watershed, may receive 
the small amount of runoff instead of Lake Angel receiving all of the 
runoff. 
The solids analysis summary data, total input and output mass, 
and percent removal were determined for both total and suspended 
solids shown in Table 8. The groundwater suspended solids 
concentration is zero. The negative percent removal of suspended 
solids mass results from more solids mass in the output than in the 
input. One explanation for this is the generation of volatile 
solids, algal growth, which is the unknown term in the suspended 
solids mass balance equation, Equation 20. The lab results indicate 
that approximately 80 to 90 percent of the suspended solids in the 
outlet are volatile. The negative percent removal, based on solids 
mass, contradicts the analysis based on concentration which stated 
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TOTAL ANO SUSPENDED SOLIDS MASS EFFICIENCIES DATA 
MONTH SUSPENDED SOL IDS TOTAL SOLIDS 
TOTAL TOTAL TOTAL TOTAL 
INPUT OUTPUT PERCENT INPUT OUTPUT PERCENT 
MASS MASS REMOVAL* MASS MASS REMOVAL* 
(LBS) (LBS) (%) (LBS) (LBS) (%) 
1985: 
JUNE 7075 4443 37 26001 33488 -29 
JULY 6167 7390 -20 20264 54292 -168 
AUGUST 2932 6512 -122 10441 48920 -368 
SEPTEMBER 3176 6279 -98 14647 48547 -231 
OCTOBER 1251 4104 -228 4044 30363 -651 
NOVEMBER 149 3425 -2194 673 26200 -3791 
DECEMBER 1966 4273 -117 8586 33766 -293 
1986: 
JANUARY 5505 5864 -6 21424 43932 -105 
FEBRUARY 605 3339 -452 2524 26398 -946 
MARCH 797 4179 -424 2958 31376 -961 
APRIL 67 1048 -1463 382 8920 -2234 
MAY 419 430 -2 1358 3337 -146 
£ =30109 £ =51286 YR ! =113302 ~=38939 YR 
AVG=-70 AVG=-244 
Conversion . to Kg: 2.205 lbs = 1 kg 
*A negative number indicates an increase 
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percent removals were obtained, thus indicating that the groundwater 
inflow does contribute total solids and/or that total solids mass are 
generated in the detention pond. 
As shown in Table 8 the months of November and April have the 
largest negative percent removals of suspended and total solids. 
During November and April there were small amounts of precipitation 
thus the amount of runoff (input) was small for each month when 
compared to the pond output. 
CHAPTER VIII 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
The objectives of this research were to estimate solids removal 
efficiencies based on solids concentration and mass for a stormwater 
detention pond, namely Lake Angel. The pond has one major outlet. 
The hydrologic inputs to the pond are runoff, precipitation, and 
groundwater flow. Precipitation and outlet flow data were 
continuously recorded. Using the precipitation and watershed data as 
input to the SSMADA computer program, hourly runoff was generated for 
the watershed area. The STORCALC computer program then simulated the 
hourly outflow and storage using the precipitation and runoff data 
and by generating (by empirical probability distribution) groundwater 
and evaporation. 
The simulated and actual outlet flow for the month of August 
were then compared to calibrate and verify the program STORCALC. The 
data correlated well for intense storms, but during periods of light 
precipitation the simulation showed an increase in the outlet flow 
but no increase was recorded in the actual data. This disagreement 
is common in modeling because the precipitation is most likely not 
distributed evenly over the watershed and initial abstraction may be 
greater than assumed. Also, there is an overflow well in the 
watershed which has been known to divert some flows from the pond. 
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Total and suspended solids data were collected during runoff and 
non-runoff conditions. A total of 319 samples were analyzed. 
Concentration of solids were recorded and averages calculated. A 
total solids concentration reduction of 21% was estimated when 
comparing the main inlet/3 pipes during runoff and the outlet during 
non-runoff. Also a reduction of 63% (from main inlet during runoff 
and outlet during non-runoff) and 80% (from three pipes during runoff 
and outlet during non-runoff) was noted for suspended solids. 
Approximately all, 80 to 90%, the suspended solids being discharged 
are volatile. 
When comparing the inlet total and suspended solids during a 
storm and the pond total and suspended solids during no storm 
conditions, a significant difference was noted. Thus the conclusion 
that the pond causes a change in the total and suspended solids 
concentration. 
When comparing the inlet concentrations during a storm and the 
outlet concentrations during a storm the data were significantly 
different. This also indicates the effect of the pond in decreasing 
solids concentrations during a storm. 
When comparing the outlet concentrations during no runoff and 
the outlet concentrations during runoff the total solids data were 
not significantly different, thus runoff did not effect 
concentrations within the pond. However, the suspended solids data 
could not be combined, or a significant difference results. The 
total solids data indicates the lake during runoff events is 
resistant to changes in total solids concentration. The suspended 
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solids concentration data indicates that during runoff the suspended 
solids increases from 14.2 to 20.0 mg/L (see Table 4) in the outlet. 
STORCALC then was used to simulate the monthly solids input and 
output mass. From a water balance, groundwater was determined to be 
a significant input. The total solids percent removal based on mass 
in and out was estimated to be negative. The total solids percent 
removal was based solely upon runoff and outflow total solids. The 
negative percent removal indicates that the groundwater does 
contribute total solids. The suspended solids percent removal based 
on mass in and out was estimated to be negative which indicates that 
suspended solids are being generated and not removed. 
The operating efficiency of this detention pond can be estimated 
using concentration data and mass data. Using concentration data, 
for suspended and total solids, a removal of suspended and total 
solids was indicated. However, by using only the concentration data, 
groundwater inputs to the pond are ignored. Using the mass removal 
efficiencies for this pond the groundwater cannot be ignored. Note, 
the mass removal efficiencies are negative. Thus for this pond the 
mass removal efficiencies should also be considered. 
Recommendations 
In order to improve the efficiency of this detention pond, 
namely Lake Angel, consideration must be given to limiting the 
groundwater inflow or filter the outflow to remove the suspended 
solids before discharging the water down the well. 
69 
STORCALC accurately simulated the operation of a detention pond. 
STORCALC can be used in the future to accurately simulate any 
detention pond given the hydrological and solids concentration data. 
One future area of study is to actually determine the total 
solids concentration in groundwater, especially in areas where 





NON-RUNOFF CONDITION - TOTAL, SUSPENDED, AND VOLATILE SOLIDS 
AVERAGE AVERAGE AVERAGE 
TOTAL SOLIDS SUSPENDED SOLIDS VOLATILE SOLIDS 
OUTLET AVG. LAKE OUTLET AVG. LAKE OUTLET AVG. LAKE 
DATE mg/L mg/L mg/L mg/L mg/L mg/L 
3/8/85 135.3 
3/15/85 114.1 16.2 
(Green) 
3/21/85 135.7 138.0 14.2 15.8 
(Brown) (Green) 
3/28/85 92.3 104.6 4.2 8.2 
(Brown) (Green) 
4/2/85 104.7 14.2 
(Green) 
4/10/85 125.0 157.1 12.8 14.5 
(Green) (Green) 
4/17/85 127.3 139.5 12.7 17.0 
(Green) (Green) 
4/26/85 125.7 167.9 12.3 16.4 
(Green) (Green) 
5/1/85 145.0 166.7 13.0 16.2 
(Green) (Green) 
5/6/85 213.0 190.0 8.7 13.6 
(Green) (Green) 
5/16/85 194.0 173.9 17.3 16.8 
(Green) (Green) 
5/23/85 189.0 150.2 7.7 13.1 
(Green) (Green) 
5/30/85 144.3 145.8 11.3 16.1 
(Green) (Dark Green) 
6/6/85 125.0 122.3 6.7 16.0 
(Green) (Green) 
6/27/85 128.3 196.7 22.0 18.7 
(Green) 
7/17/85 155.3 150.7 26.7 19.3 26.4 18.6 
(Bright (Bright 
Green) Green) 
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Figure 23. Lake/Outlet Suspended Solids Concentration 
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Figure 24. Lake/Outlet Suspended Solids Concentration Cumulative 
Distribution Function During Non-runoff Condition. 
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TABLE 10 
RUNOFF CONDITION - TOTAL, SUSPENDED, AND VOLATILE SOLIDS 
AVERAGE TOTAL SOLIDS AVERAGE SUSPENDED SOLIDS AVERAGE VOLATILE SOLIDS 
DATE/ INLET OUTLET 3 PIPES INLET OUTLET 3 PIPES INLET OUTLET 3 PIPES 
TIME mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
6/13/85 
10:30 am 100.3 119.3 
Noon 114.0 107.0 
1:00 pm 133.3 109.0 
3:00 pm 113.0 181.3 
4:30 pm 120.0 152.7 
6/14/85 
11 :00 am 169.7 219.0 --
1:00 pm 135.0 190.0 
7/12/85 
4:30 pm 221.7 29.0 28.0 
(LG/SD) 
5:30 pm 174.0 194.3 18.7 22.0 14.0 16.7 
(LG/ SD) (Dark Green) 
7/13/85 
4:15 pm 234.0 199.7 27.0 30.2 27.0 30.2 
(LG/SD) (Green) 
4:45 pm 210.7 141.3 21.3 30.7 21.3 22.7 
(LG/SD) (Green) 
5:15 pm 158.0 151.0 47.0 27.0 44.0 27.0 
(LG/SD) (Green) 
5:45 pm 254.3 141.0 144.3 13.7 52.0 13.7 -......J U1 
(Dark (Green) 
Brown) 
TABLE 10 -- CONTINUED 
AVERAGE TOTAL SOLIDS AVERAGE SUSPENDED SOLIDS AVERAGE VOLATILE SOLIDS 
DATE/ INLET OUTLET 3 PIPES INLET OUTLET 3 P lPES INLET OUTLET 3 PIPES 
TIME mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
7/13/85 Con't 
6:15 pm 126.3 213.3 54.0 15.9 26.0 15.9 
(Light (Green) 
Brown) 
6:45 pm 216.3 223.7 18.0 15.8 18.0 15.8 
( G/SD) (Green) 
8/16/85 
5:05 pm 145.0 111.7 11.0 16.3 11.0 16.3 
(LG/SD) (Green) 
5:35 pm 142.3 149.0 4.7 11.3 4.7 11.3 
(Light (Green) 
Brown) 
6:05 pm 199.3 141.3 5.7 11.0 ·5. 7 11.0 
(Light ( G/SD) 
Brown) 
6:35 pm 162.7 96.7 6.0 13.3 6.0 13.3 
(Light (G/SD) 
Brown) 




4:05 pm 128.3 112.0 14.0 47.7 10.0 22.7 
(Light (Yell ow 
Brown) Brown) '-l 
O'I 
TABLE 10 -- CONTINUED 
AVERAGE TOTAL SOLIDS AVERAGE SUSPENDED SOLIDS AVERAGE VOLATILE SOLIDS 
DATE/ INLET OUTLET 3 PIPES INLET OUTLET 3 PIPES INLET OUTLET 3 PIPES 
TIME mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
9/20/85 . 
9:30 am 107 .7 18.3 10.6 
(Green) 
10:00 am 184.7 196.3 11.7 71.7 7.4 29.4 
(Light (Brown) 
Brown) 
10:20 am 218.0 188.7 10.0 87.3 4.7 30.3 
(Light (Brown) 
Brown 
11: 15 am 226.7 195.3 64.3 103.7 26.0 34.7 
(Brown) (Brown) 
11 :32 am 206.3 138.3 66.0 44.0 24.7 17.0 
(Brown) (Brown) 
11 :54 am 198.7 201.3 53.3 78.7 18.3 23.0 
(Brown) (Brown) 
12:22 pm 186.3 190.3 97.7 140.0 27.4 57.0 
(Brown) (Brown) 
12:30 pm 128.3 19.3 12.6 
(Green) 
10/31/85 
1:35 pm 197.0 15.3 13.6 
(Green) 
1:52 pm 242.3 277 .7 25.0 140.7 20.0 60.7 
(LGB/SD) (DB/SD) 
2:07 pm 260.3 163.3 36.0 22.0 26.7 14.0 




AVERAGE TOTAL SOLIDS 
INLET OUTLET 3 PIPES 
mg/L mg/L mg/L 
2:21 pm 269.0 127.7 
152.3 
152.0 
2:48 pm 293.3 
3:04 pm 271.0 
3:30 pm 167.0 
TABLE 10 -- CONTINUED 
AVERAGE SUSPENDED SOLIDS 
INLET OUTLET 3 PIPES 















AVERAGE VOLATILE SOLIDS 
INLET OUTLET 3 PIPES 








Note: Filter pad colors are listed below the S.S. concentration in parenthesis. 
LG/SD - Light green with small pieces of debris 
G/SD . Green with small pieces of debris 
LGB/SD - Light green/brown with small pieces of debris 
DB/SD - Dark brown with small pieces of debris 





SOLIDS CONCENTRATION DATA 
NUMBER OF MEAN STANDARD 
CONDITION SAMPLES (mg/L) DEVIATION (mg/L) 
RUNOFF 
Average Total Solids 
Main Inlet 32 187.0 52.3 
3 Pipes Inlet 11 180.3 39.3 
Outlet 24 150.9 42.3 
Average Suspended 
Solids 
Main Inlet 25 38.5 34.3 
3 Pipes Inlet 11 71.2 41.4 
Outlet 17 20.0 9.0 
Average Volatile 
Solids 
Main Inlet 25 21.3 12.7 
3 Pipes Inlet 11 28.9 15.5 
Outlet 17 16.6 5.5 
NON-RUNOFF 
Average Total Solids 
Outlet 14 143.2 33.0 
Lake 15 150.2 25.3 
Average Suspended 
Solids 
Outlet 14 13.1 5.7 
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Figure 25. Outlet Total Solids Concentration Probability 
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Figure 26. Three Pipes Suspended Solids Concentration 






n = 17 
I 
I 
0 50 100 150 200 
Cone. mg/L 
Figure 27. Outlet Suspended Solids Concentration 
Probability Distribution Function 
During Runoff Condition. 
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Figure 28. Outlet Volatile Solids Concentration 
Probability Distribution Function 
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Figure 29. Outlet Total Solids Concentration Cumulative Distribution 
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Figure 30. Three Pipes Suspended Solids Concentration Cumulative 
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Figure 31. Outlet Suspended Solids Concentration Cumulative 









0 5.0 10.0 
Cone. mg/L 
Figure 32. Outlet Volatile Solids Concentration Cumulative Distribution 






ACTUAL AND SIMULATED OUTFLOW - AUGUST 1985 
ACTUAL SIMULATED ACTUAL SIMULATED 
DAY/ OUTFLOW OUTFLOW DAY/ OUTFLOW OUTFLOW 
HOUR AC-FT AC-FT HOUR AC-FT AC-FT 
Aug. 1 Aug. 4 
12 am 0.48 0.24 
2 am 0.64 0.66 2 0.24 0.20 
4 0.24 0.44 4 0.14 0.18 
6 0.11 0.32 6 0.14 0.16 
8 0.12 0.24 8 0.14 0.15 
10 0.13 0.20 10 0.14 0.17 
noon 0.13 0.17 noon 0.14 0.17 
2 pm 0.14 0.16 2 pm 0.15 0.17 
4 0.14 0.16 4 0.15 0.16 
6 0.14 0.16 6 0.15 0.15 
8 0.14 0.13 8 0.15 0.15 
10 0.14 0.12 10 0.14 0.14 
Aug. 2 Aug. 5 
12 am 0.14 0.12 12 am 0.14 0.14 
2 0 .14 0.15 2 0.14 0.14 
4 0.14 0.15 4 0.14 0.15 
6 0.14 0.15 6 0.14 0.14 
8 0.14 0.14 8 0.14 0.14 
10 0.14 0.15 10 0.14 0.15 
noon 0.14 0.14 noon 0.14 0.14 
2 pm 0.15 0.15 2 pm 0.15 0.15 
4 0.15 0.14 4 0 .16 0.14 
6 0.15 0.15 6 0.16 0.14 
8 0.15 0.14 8 0.16 0.14 
10 0.15 0.16 10 0.15 0.15 
Aug. 3 Aug. 6 
12 am 0.14 0.14 12 am 0.15 0.14 
2 0.14 0.14 2 0.14 0.14 
4 0.14 0.14 4 0.14 0.14 
6 0.14 0.15 6 0.14 0.13 
8 0.14 0.14 8 0.14 0.14 
10 0.14 0.15 10 0.14 0.14 
noon 0.15 0.14 noon 0.14 0.14 
2 pm 0.16 0.22 2 pm 0.15 0.14 
4 0.24 0.68 4 0.16 0.15 
6 0.64 0.58 6 0.16 0.16 
0.70 0.40 8 0.16 0.14 
10 0.68 0.30 10 0.15 0.15 
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TABLE 12 -- CONTINUED 
ACTUAL SIMULATED ACTUAL SIMULATED 
DAY/ OUTFLOW OUTFLOW DAY/ OUTFLOW OUTFLOW 
HOUR AC-FT AC-FT HOUR AC-FT AC-FT 
Au9. 7 Au9. 10 
12 am 0.14 0.14 12 am 0.14 0.14 
2 am 0.14 0.14 2 0.14 0.14 
4 0.14 0.14 4 0.14 0.14 
6 0.14 0.15 6 0.14 0.14 
8 0.14 0.14 8 0.14 0.13 
10 0.14 0.15 10 0.14 0.13 
noon 0.14 0.15 noon 0.14 0.14 
2 pm 0.15 0.16 2 pm 0.14 0.15 
4 0.16 0.18 4 0.14 0.14 
6 0.16 0.18 6 0.14 0.14 
8 0.16 0.19 8 0.14 0.14 
10 0.15 0.17 10 0.14 0.13 
Au9. 8 Au9. 11 
12 am 0.14 0.16 12 am 0.14 0.13 
2 0.14 0.15 2 0.14 0.14 
4 0.14 0.16 4 0.13 0.14 
6 0.14 0.14 6 0.13 0.14 
8 0.14 0.16 8 0.13 0.14 
10 0.14 0.15 10 0.13 0.14 
noon 0.14 0.15 noon 0.14 0.13 
2 pm 0.15 0.14 2 pm 0.14 0.13 
4 0.15 0.14 4 0.14 0.14 
6 0.14 0.14 6 0.14 0.13 
8 0.14 0.14 8 0.14 0.13 
10 0.12 0.14 10 0.14 0.13 
Aug. 9 Aug. 12 
12 am 0.13 0.14 12 am 0.14 0.13 
2 0.14 0.13 2 0.14 0.14 
4 0.14 0.13 4 0.14 0.12 
6 0.14 0.13 6 0.13 0.15 
8 0.14 0.15 8 0.13 0.14 
10 0.14 0.13 10 0.14 0.15 
noon 0.14 0.24 noon 0.14 0.14 
2 pm 0.14 0.21 2 pm 0.14 0.13 
4 0.14 0.19 4 0.15 0.14 
6 0.14 0.16 6 0.16 0.13 
8 0.14 0.16 8 0.15 0.14 
10 0.14 0.14 10 0.14 0.14 
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TABLE 12 -- CONTINUED 
ACTUAL SIMULATED ACTUAL SIMULATED 
DAY/ OUTFLOW OUTFLOW DAY/ OUTFLOW OUTFLOW 
HOUR AC-FT AC-FT HOUR AC-FT AC-FT 
Aug. 13 Aug. 16 
12 am 0.14 0.13 12 am 0.13 0.15 
2 am 0.14 0.12 2 0.13 0.15 
4 0.14 0.14 4 0.13 0.13 
6 0.14 0.14 6 0.13 0.13 
8 0.14 0.14 8 0.13 0.14 
10 0.14 0.13 10 0.13 0.13 
noon 0.14 0.14 noon 0.14 0.14 
2 pm 0.14 0.13 2 pm 0.14 0.14 
4 0.14 0.13 4 0.18 0.12 
6 0.14 0.13 6 0.14 0.14 
8 0.14 0.14 8 0.10 0.14 
10 0.14 0.14 10 0.14 0.14 
Aug. 14 Aug. 17 
12 am 0.13 0.14 12 am 0.13 0.14 
2 0.13 0.13 2 0.13 0.14 
4 0.13 0.14 4 0.13 0.13 
6 0.13 0.13 6 0.13 0.13 
8 0.13 0.13 8 0.13 0.13 
10 0.13 0.14 10 0.13 0.12 
noon 0.14 0.13 noon 0.14 0.14 
2 pm 0.14 0.13 2 pm 0.14 0.14 
4 0.14 0.13 4 0.14 0.14 
6 0.14 0.14 6 0.15 0.13 
8 0.14 0.13 8 0.15 0.13 
10 0.13 0.13 10 0.14 0.13 
Au9. 15 Au9. 18 
12 am 0.13 0.13 12 am 0.14 0.13 
2 0.13 0.14 2 0.14 0.13 
4 0.12 0.14 4 0.14 0.13 
6 0.12 0.13 6 0.14 0.15 
8 0.13 0.14 8 0.14 0.13 
10 0.13 0.13 10 0.14 0.13 
noon 0.14 0.23 noon 0.14 0.13 
2 pm 0.14 0.21 2 pm 0.14 0.13 
4 0.14 0.19 4 0.14 0.13 
6 0.14 0.17 6 0.14 0.14 
8 0.14 0.15 8 0.14 0.13 
10 0.13 0.14 10 0.14 0.13 
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TABLE 12 -- CONTINUED 
ACTUAL SIMULATED ACTUAL SIMULATED 
DAY/ OUTFLOW OUTFLOW DAY/ OUTFLOW OUTFLOW 
HOUR AC-FT AC-FT HOUR AC-FT AC-FT 
Aug. 19 Aug. 22 
12 am 0.14 0.13 12 am 0.13 0.12 
2 am 0.14 0.15 2 0.13 0.14 
4 0.14 0.13 4 0.13 0.12 
6 0.13 0.14 6 0.13 0.12 
8 0.14 0.13 8 0.12 0.13 
10 0.14 0.14 10 0.13 0.12 
noon 0.14 0.14 noon 0.13 0.15 
2 pm 0.13 0.14 2 pm 0.14 0.17 
4 0.14 0.14 4 0.14 0.15 
6 0.14 0.13 6 0.14 0.14 
8 0.14 0.15 8 0.14 0.14 
10 0.14 0.13 10 0.14 0.12 
Au9. 20 
12 am 0.14 0.13 
Aug. 23 
12 am 0.13 0.12 
2 0.14 0.13 2 0.12 0.12 
4 0.14 0.13 4 0.12 0.13 
6 0.14 0.14 6 0.12 0.13 
8 0.13 0.13 8 0.12 0.12 
10 0.13 0.13 10 0.12 0.13 
noon 0.14 0.19 noon 0.12 0.13 
2 pm 0.14 0.29 2 pm 0.14 0.12 
4 0.14 0.22 4 0.14 0.13 
6 0.14 0.19 6 0.14 0.12 
8 0.14 0.18 8 0.14 0.13 
10 0.13 0.15 10 0.14 0.13 
Aug. 21 Aug. 24 
12 am 0.13 0.14 12 am 0.14 0.13 
2 0.12 0.13 2 0.14 0.13 
4 0.12 0.13 4 0.13 0.12 
6 0.12 0.13 6 0.13 0.12 
8 0.12 0.12 8 0.12 0.13 
10 0.12 0.13 10 0.12 0.12 
noon 0.13 0.13 noon 0.13 0.23 
2 pm 0.14 0.13 2 pm 0.14 0.49 
4 0.14 0.12 4 0.43 0.51 
6 0.14 0.13 6 0.62 0.38 
8 0.14 0.13 8 0.50 0.28 
10 0.14 0.13 10 0.78 0.22 
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TABLE 12 -- CONTINUED 
ACTUAL SIMULATED ACTUAL SIMULATED 
DAY/ OUTFLOW OUTFLOW DAY/ OUTFLOW OUTFLOW 
HOUR AC-FT AC-FT HOUR AC-FT AC-FT 
Aug. 25 Au9. 28 
12 am 0.32 0.18 12 am 0.12 0.20 
2 am 0.12 0.16 2 0.12 0.17 
4 0.12 0.15 4 0.12 0.16 
6 0.12 0.14 6 0.12 0.14 
8 0.12 0.14 8 0.12 0.13 
10 0.12 0.13 10 0.12 0.13 
noon 0.13 0.12 noon 0.13 0.13 
2 pm 0.14 0.13 2 pm 0.14 0.13 
4 0.14 0.13 4 0.14 0.13 
6 0.14 0.13 6 0.14 0.12 
8 0.14 0.12 8 0.13 0.12 
10 0.14 0.12 10 0.13 0.12 
Aug. 26 Aug. 29 
12 am 0.14 0.12 12 am 0.12 0.12 
2 0.13 0.13 2 0.12 0.13 
4 0.13 0.13 4 0.12 0.12 
6 0.13 0.13 6 0.12 0.13 
8 0.12 0.12 8 0.12 0.13 
10 0.12 0.14 10 0.12 0.12 
noon 0.13 0.12 noon 0.12 0.12 
2 pm 0.14 0.12 2 pm 0.14 0.12 
4 0.14 0.12 4 0.14 0.12 
6 0.14 0.12 6 0.13 0.12 
8 0.14 0.12 8 0.12 0.12 
10 0.14 0.13 10 0.12 0.12 
Aug. 27 Aug. 30 
12 am 0.14 0.12 12 am 0.12 0.23 
2 0.13 0.12 2 0.12 0.13 
4 0.13 0.12 4 0.12 0.12 
6 0.12 0.11 6 0.12 0.13 
8 0.12 0.13 8 0.12 0.12 
10 0.12 0.12 10 0.12 0.13 
noon 0.12 0.12 noon 0.12 0.13 
2 pm 0.13 0.35 2 pm 0.13 0.12 
4 0.59 0.76 4 0.13 0.12 
6 0.18 0.51 6 0.13 0.12 
8 0.12 0.35 8 0.12 0.13 
10 0.12 0.26 10 0.12 0.13 
TABLE 13 
SIMULATED GROUNDWATER INFLOW FREQUENCY DISTRIBUTION 
AUGUST 1, 1985 
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GROUNDWATER EMPIRICAL EMPIRICAL RN 


















SIMULATED GROUNDWATER INFLOW FREQUENCY DISTRIBUTION 
AUGUST 2-8, 1985 
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SIMULATED GROUNDWATER INFLOW FREQUENCY DISTRIBUTION 
AUGUST 9-20, 1985 
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SIMULATED GROUNDWATER INFLOW FREQUENCY DISTRIBUTION 
AUGUST 21-31, 1985 
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SUMMARY OF SIMULATED GROUNDWATER INFLOW DATA 
NUMBER OF STANDARD 
NON-RUNOFF MEAN DEVIATION 
DATE PERIODS (CFH) (CFH) 
6/12/85-6/19/85 40 484.62 270.48 
6/28/85-6/30/85 17 5838.82 442.72 
7/1/85-7/14/85 113 5127.04 331.57 
7/15/85-7/31/85 134 5882.20 344.29 
8/1/85 7 5636.43 582.54 
8/2/85-8/8/85 61 6341.15 208.08 
8/9/85-8/20/85 112 5845.51 651.80 
8/21/85-8/31/85 96 5542.86 206.04 
9/1/85-9/3/85 29 5484.83 298.70 
9/4/85-9/14/85 79 6001.14 185.21 
9/15/85-9/27/85 106 5172.97 260.82 
9/28/85-9/30/85 23 4734.13 250.35 
10/1/85-10/3/85 21 4629.05 272.13 
10/29/85-10/31/85 18 3325.56 225.67 
11/1/85-11/25/85 255 381.9 .67 178.28 
11/26/85-11/30/85 54 3939.91 90.54 
12/1/85-12/3/85 32 3940.78 68.63 
1/30/86-1/31/86 16 3802.81 141.70 
2/1/86-2/11/86 112 3721.47 110.63 
2/12/86-2/17/86 59 4120.85 97.94 
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TABLE 17 -- CONTINUED 
NUMBER OF STANDARD 
NON-RUNOFF MEAN DEVIATION 
DATE PERIODS (CFH) (CFH) 
2/27/86-2/28/86 14 3912.50 222.35 
3/1/86-3/3/86 19 4192.89 124.23 
4/5/86 Grab Sample Flow = 1800 CFH 
5/10/86 Grab Sample Flow = 360 CFH 
Note: For the following time periods a linear relationship of the 
known beginning and ending groundwater values were used, due to 












SUMMARY OF ACTUAL PRECIPITATION DATA 
PRECIPITATION PRECIPITATION 
DATE HOUR (INCHES) DATA HOUR (INCHES) 
6/4/85 17 0.11 6/15/85 6 0.01 
18 0.01 7 0.22 
8 0.23 
6/10/85 18 1.16 9 0.11 
19 0.01 10 0.10 
6/11/85 20 0.17 6/16/85 13 0.06 
21 0.06 14 0.06 
22 0.08 
6/20/85 18 0.62 
6/12/85 15 0.17 19 0.04 
16 0.16 
17 0.15 6/21/85 14 0.03 
18 0.14 15 0.63 
23 0.03 18 0.11 
24 0.02 19 0.03 
20 0.02 
6/13/85 15 0.44 21 0.01 
16 0.06 
17 0.07 6/22/85 17 0.04 
18 0.06 18 0.04 
19 0.02 
20 0.01 6/26/85 17 0.54 
21 0.04 18 0.02 
22 0.04 19 0.02 
23 0.06 
24 0.04 6/28/85 13 0.01 
14 0.01 
6/14/85 7 0.02 15 0.15 
8 0.02 16 0.15 
9 0.02 19 0.01 
10 0.02 23 0.04 
13 0.02 24 0.05 
14 0.07 
15 0.06 6/29/85 4 0.01 
16 0.06 5 0.01 
18 0.01 
19 0.01 6/30/85 17 0.02 
20 0.01 18 0.03 
21 0.03 
22 0.04 7/1/85 9 0.01 
23 0.05 
24 0.04 7/2/85 19 0.15 
20 0.15 
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TABLE 18 -- CONTINUED 
PRECIPITATION PRECIPITATION 
DATE HOUR (INCHES) DATA HOUR (INCHES) 
7/5/85 17 0.35 7/23/85 10 0.05 
18 0.36 11 0.06 
7/8/85 17 0.12 7/24/85 15 0.15 
18 0.12 16 0.15 
17 0.05 
7 /11/85 19 0.17 18 0.05 
20 0.17 19 0.03 
20 0.02 
7/12/85 15 0.10 
16 0.11 7/30/85 17 0.31 
17 0.04 18 0.31 
18 0.02 
7/31/85 15 0.12 
7/13/85 14 0.10 16 0.12 
15 0.16 17 0.82 
16 0.15 18 0.81 
17 0.14 19 0.04 
20 0.03 
7/14/85 15 0.02 
8/1/85 17 0.02 
7/15/85 17 0.03 18 0.02 
18 0.03 
19 0.01 8/2/85 11 0.01 
12 0.01 
7/16/85 15 0.01 13 0.01 
14 0.01 
7/17/85 13 0.01 
8/3/85 13 0.10 
7/18/85 15 0.05 14 0.10 
16 0.06 15 0.37 
17 0.03 16 0.36 
18 0.02 17 0.01 
7/19/85 15 0.17 8/4/85 9 0.01 
16 0.17 10 0.01 
17 0.04 11 0.01 
12 0.01 
7/21/85 13 0.04 
14 0.04 8/7/85 13 0.01 
15 0.02 14 0.01 
15 0.01 
7/22/85 8 0.05 16 0.01 
9 0.05 17 0.01 
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TABLE 18 -- CONTINUED 
PRECIPITATION PRECIPITATION 
DATE HOUR (INCHES) DATA HOUR (INCHES) 
8/7/85 18 0.01 9/6/85 17 0.03 
19 0.01 18 0.08 
20 0.01 
9/12/85 19 0.03 
8/9/85 11 0.06 20 0.05 
12 0.06 
9/13/85 5 0.01 
8/10/85 13 0.01 15 0.15 
14 0.01 16 0.03 
17 0.03 
8/15/85 11 0.05 18 0.01 
12 0.06 19 0.01 
22 0.03 
8/20/85 12 0.02 23 0.16 
13 0.02 24 0.01 
8/24/85 11 0.05 9/14/85 2 0.10 
12 0.05 3 0.13 
13 0.13 4 0.01 
14 0.13 6 0.03 
15 0.05 7 0.02 
16 0.05 8 0.02 
8/27/85 14 0.25 9/15/85 17 0.01 
15 0.26 
9/17/85 19 0.05 
8/31/85 9 0.05 
10 0.05 9/18/85 11 0.01 
11 0.21 12 0.02 
12 0.21 
13 0.06 9/19/85 12 0.02 
14 0.05 13 0.01 
15 0.06 20 0.04 
16 0.06 
9/20/85 1 0.06 
9/1/85 11 0.02 2 0.01 
12 0.02 5 0.01 
15 0.07 7 0.02 
8 0.03 
9/4/85 11 0.08 10 0.32 
12 0.15 11 0.05 
13 0.01 12 0.96 
14 0.02 13 0.21 
17 0.03 14 0.26 
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TABLE 18 -- CONTINUED 
PRECIPITATION PRECIPITATION 
DATE HOUR (I NCH ES) DATA HOUR (I NCH ES) 
9/20/85 15 0.20 11/1/85 6 0.01 
16 0.19 14 0.01 
17 0.24 
18 0.24 11/3/85 21 0.04 
20 0.04 24 0.02 
9/27/85 12 0.10 11/9/85 13 0.05 
13 0.01 15 0.03 
14 0.01 
15 0.01 11/10/85 19 0.05 
20 0.01 
9/29/85 17 0.04 
11/19/85 5 0.01 
9/30/85 13 0.07 6 0.01 
14 0.01 15 0.03 
16 0.01 
10/3/85 19 0.62 24 0.19 
20 0.47 
21 0.15 11/20/85 3 0.01 
22 0.09 
24 0.02 11/22/85 5 0.01 
10 0.02 
10/5/85 13 0.02 
14 0.02 12/5/85 11 0.06 
17 0.01 12 0.05 
20 0.05 13 0.12 
21 0.01 14 0.18 
15 0.28 
10/10/85 9 0.01 16 0.40 
10 0.02 17 0.11 
18 0.01 
10/15/85 17 0.04 
12/13/85 19 0.01 
10/26/85 21 0.01 20 0.04 
21 0.77 
10/28/85 2 0.13 
12/14/85 1 0.12 
10/30/85 15 0.05 2 0.43 
17 0.05 4 0.05 
5 0.04 
10/31/85 14 0.14 
15 0.10 12/24/85 22 0.37 
16 0.01 
12/25/85 5 0.01 
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TABLE 18 -- CONTINUED 
PRECIPITATION PRECIPITATION 
DATE HOUR (INCHES) DATA HOUR (INCHES) 
1/1/86 1 0.01 1/10/86 18 0.67 
2 0.27 23 0.04 
3 0.66 24 0.05 
4 0.50 
5 0.17 1/11/86 1 0.01 
6 0.11 4 0.01 
7 0.01 5 0.02 
9 0.01 6 0.06 
1/5/86 1 0.04 1/18/86 20 0.01 
9 0.01 24 0.01 
10 0.09 
14 0.01 1/26/86 12 0.03 
13 0.11 
1/7/86 8 0.01 14 0.02 
9 0.01 16 0.01 
15 0.05 
17 0.01 2/5/86 15 0.01 
18 0.05 
19 0.03 2/8/86 11 0.02 
20 0.03 12 0.01 
22 0.01 13 0.03 
14 0.50 
1/8/86 1 0.01 15 0.12 
5 0.01 
6 0.01 2/11/86 11 0.14 
7 0.01 12 0.29 
8 0.01 15 0.02 
9 0.01 16 0.01 
17 0.01 
1/9/86 24 0.04 
2/12/86 3 0.02 
1/10/86 2 0.06 
3 0.20 2/18/86 4 0.01 
4 0.18 5 0.04 
5 0.31 6 0.01 
6 0.34 
7 0.35 2/23/86 12 0.02 
8 0.45 
9 0.14 2/27/86 22 0.04 
10 0.01 
15 0.10 2/28/86 10 0.01 
16 0.12 14 0.04 
17 0.76 
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TABLE 18 -- CONTINUED 
PRECIPITATION PRECIPITATION 
DATE HOUR (INCHES) DATA HOUR (INCHES) 
3/1/86 4 0.02 3/27/86 8 0.03 
5 0.01 9 0.03 
7 0.02 10 0.01 
8 0.01 
4/9/86 12 0.03 
3/4/86 21 0.04 14 0.01 
3/10/86 5 0.03 4/12/86 22 0.01 
6 0.05 23 0.08 
7 0.01 24 0.10 
3/14/86 10 0.09 4/13/86 2 0.01 
11 0.21 3 0.09 
4 0.03 
3/15/86 12 0.19 
13 0.15 5/8/86 18 0.01 
14 0.06 
15 0.02 5/9/86 16 0.14 
24 0.07 22 0.01 
3/16/86 1 0.14 5/19/86 20 0.01 
2 0.02 21 0.04 
3 0.02 22 0.01 
4 0.11 
5 0.02 5/20/86 16 0.12 
6 0.06 17 0.10 
9 0.02 18 0.09 
19 0.14 
3/21/86 2 0.03 20 0.01 
3 0.02 
4 0.01 5/21/86 9 0.01 
5 0.01 10 0.01 
6 0.01 12 0.01 
15 0.18 
5/31/86 17 0.02 
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TABLE 19 
FREQUENCY DISTRIBUTION USED FOR EVAPORATION 
MONTH/ RANDOM VALUE MONTH/ RANDOM VALUE 
YEAR NUMBER (FT/DAY) YEAR NUMBER (FT/DAY) 
January 0-505 0.0042 July 0-16 0.0042 
1981-84 506-978 0.0125 1981-84 17-113 0.0125 
979-1000 0.0208 114-548 0.0208 
549-911 0.0292 
February 0-114 0.0042 912-984 0.0375 
1981-84 115-810 0.0125 985-992 0.0458 
811-975 0.0208 993-1000 0.0708 
976-1000 0.0292 
August 0-25 0.0042 
March 0-78 0.0042 1981-84 26-208 0.0125 
1981-84 79-533 0.0125 209-842 0.0208 
534-945 0.0208 843-967 0.0292 
946-1000 0.0292 968-992 0.0375 
993-1000 0.0458 
Apri 1 0-33 0.0042 
1981-84 34-189 0.0125 September 0-78 0.0042 
190-778 0.0208 1981-84 79-356 0.0125 
779-1000 0.0292 357-870 0.0208 
871-991 0.0292 
May 0-8 0.0042 992-1000 0.0458 
1981-84 9-109 0.0125 
110-479 0.0208 October 0-74 0.0042 
480-958 0.0292 1981-84 75-554 0.0125 
959-1000 0.0375 555-975 0.0208 
976-1000 0.0292 
June 0-17 0.0042 
1981-84 18-219 0.0125 November 0-235 0.0042 
220-632 0.0208 1981-84 236-891 0.0125 
633-983 0.0292 892-991 0.0208 
984-1000 0.0375 992-1000 0.0292 
December 0-442 0.0042 
1981-84 443-969 0.0125 
970-1000 0.0208 
APPENDIX C 
1(> WIDTH "LF11: ". l (>U 
2 i) ~: E '{ OFF 
30 'DIMENSION APEA 
4 (i DIM XBA~: (48.l 
5(> 
60 '****~***i****'***********~*****~**l*****~;********~~******** 
70 ' * * 
80 "* STORCALC t 
90 "* ~ 
10 0 "* STORCALC CALCULATES THE HOURLY STORAGE AN~ OUT- • 
110 "* ~LOW OF A LAVE OR POND. THE CALCULATION IS DONE GIV~N~ t 
12 1.) " * A. ) Rl.JNOFF \R) ••••••••••• CFS t : 
130 '* B.> P~ECIPITATICN C P> .... IN/HR * 
140 '* AND BY GENERATING CBY EMPIRICAL PROB~BILITY t 
145 "* DISTRIBUTION>: * 
150 '* A.> GROUNDWATER INPUT<G> .•.•.• CFH * 
160 '* B.> EVAPOTRANSPIRATION<ET> •••. FT/DAY * 
170 "* USING THE FOLLOWING FORMULAS: * 
175 '* It~FLOW = CR+ F· + G - ET> t 
180 '* N = 0.5*CINFLOW<PREVIOUS> + INFLOWJ + STORAGE<PREVIOUS>t 
190 '* - 0.5*0UTFLOWCPREVIOUS> t 
200 '* OUTFLOW= CN - CONSTANTC>ICONSTANTD t 
210 "* STORAGE= <OUTFLOW+ CONSTANTA>ICONSTANTB t 
220 "* WHERE STORAGE<PREVIOUS> IS THE PREVIOUS STORAGE OF THE * 
230 "* LAKE AS A FUNCTION OF THE P~EVIOUS OUTFLOW. * 
240 "* 
2~;0 " * TO BE RUN~ STORCALC MUST BE ABLE TO ACCESS FILE * * 255 " * "RUNOFFS 11 , WHICH IS GENERATED BY THE PF:OGF:AM SSMADA. * 
260 '* THE FILE "STOF:OUT" MUST EXIST AS A DESTINATION FILE t 
265 "* FOR STORCALC"S RESULTS. t 
270 "* * 
275 "* WITHIN STORCALC THERE IS AN OPTION TO DETERMINE THE ~ 
280 "* REMOVAL EFFICIENCY~ USING TOTAL AND SUSPENDED SOLIDS * 
285 "* DATA, OF THE LAVE OR POND. THE SOLIDS DATA WERE GENER- * 
290 ~* ATED USING THE EMPIRICAL PROBABILITY DISTRIBUTION. * 
300 "************************************************************ 
310 CLS 
320 PRINT:COLOR 8 
108 
330 PRINT TAB<5>; 11 ==================================================== 11 :COLOR 
340 PRINT TAB <5>;" STORCALC - LAKE WATER STORAGE CALCULATION F'ROGF:AM": COLOF: 8 
350 PRINT TABC5>;"=======-=============================================":COLOF: 
360 F'RINT 
370 PRINT TAB< 12>; "*** MAKE SURE PRINTER IS ON! ***" 
380 PR I NT TAB ( 12) ; II*** PRESS RETURN TO CONT I NUE ***II 
390 INPUT " ",A$ 
400 OPEN "STOROUT" FOR OUTPUT AS #1 
410 OPEN "RUNOFFS" FOR INPUT AS #2 
420 LPRINT TAB<15):"=====================================================" 
430 LPRINT TAB<l5>~" STORCALC - LAKE WATER STORAGE CALCULATION PROGfo~M" 
440 LPRINT TABC15>:"================================================-====" 
450 PRINT "DO YOU WISH TO SEE ALL DATA OR JUST SUMMARY DATA" 
460 PRINT "ENTER <O> FOR ALL DATA, <1> FOR SUMMARY DATA" 
47(1 INPUT Sl<IF· 
480 IF SKIP = 1 THEN 560 
490 LPRINT 
500 LPRINT 
510 LPRINT TABC2>;''************************************~*****************''**~ 
**~**************" 
520 LPRINT TAB <2>; "DATE/HOUR HOUF:LY HOURLY 
HOURL't. 11 
530 LPRI NT TAB c:~>;" 
OUTFLOW" 
540 LPRINT TAB<2>;" 
ACRE FT> I <CFS> II 
RUNOFF STORAGE 
<ACRE FT> I <CFS> <ACRE FT> I <CF> 
109 
=====:.:..~==-========= 1 1 
5~ •.) INFL:T ' 1 Et·JTEF. TDT;1L LAVE SUFFACC: AF:~~ .. ItJ .C.CF.E.~ 1 ':HF: E. ~ 
~70 M~X~TOR = 24.59:MINSTOR = 27.::~:C~~IN = O:C0MFRECP = O 
58·::> MA ;1, OUT = 0: M lt-lCiUT == 1 0 ~ CUMF:NOFF = 0: STCF=:AGE = O ~ OUTFLO~J O 
5 ·::;> ;) I NF'UT tt::. NUM'.2: 'N;.Jti2 = THE NUMBEF-; OF HOUFS Ct1LC.ULA-TC' 
6 ( » ) PF:INT " ENTER MONTH IN l-<HICH RAH~FALL L>ATA STAF:TS" 
61 o PR 1 NT " ( 1 For.: J AtJu,:::,RY. 2 Foi:::: FEBF: U~F:Y, ETC. > 11 
6::0 I .NPUT MONTH 
630 DCNT = i "LAY COUNT I~CREMENT 
640 HCNT = 1 'HOUR COUNT INCREMENT 
650 "~*****BEG!N LOOP****** 
660 FOR ,I = 1 TO NUM2 
670 GOSUB 20000 
680 E'../APTRNS = ET: GNDWTR=GW 
690 INPUT #2, DATETIME$ 'GET TIME FF:OM "F:UNOFFS" 
70(1 INPUT #2' RUNOFF • GET RUNOFF FROM II F:UNOFF II 
710 RUNOFF = RUNOFF*.08257: "CONVERT CFS TO ACRE-FT 
720 INF'UT #2. PRECIP: 'GET PRECIPITATION FROM "PGET" 
730 PRECIP = PRECIP*.08333*AREA: 'CONVERT IN/HR TO ACRE-FT 
740 GNDWTR = GNDWTR*2.294E-05: 'CONVERT CFH TO ACRE-FT 
750 EVAPTRNS = EVAPTRNS*.0416667*AREA: "CONVERT FT/DAY TO ACRE-FT 
760 NEWI s <RUNOFF + PRECIP + GNDWTR - EVAPTRNS> 'NEWI CURRENT INFLOW 
770 INFLOW = <NEWI + OLDI> I 2 'OLDI = PREVIOUS INFLOW 
790 N=INFLOW+STORAGE-OUTFLOW*.5 
810 GOSUE: 1C>C>OC> 
815 OLDI = NEWI 
820 IF SKIP = 1 THEN 900 
830 LPRINT TAB<2>:DATETIME$;TABC14>; 
840 LPF:INT USING "###.##";RUNOFF:: LPRINT TAB <25>; 
850 LPRINT USING 11 ###.## 1';RUNOFF*12.110936#; :LPRINT TAB<41); 
860 LPRINT USING 11 ##.##";STORAGE;:LPRINT TAB<48>; 
870 LPRINT USING 11 ######## 11 ; STORAGE*43600#;: LPF:INT TAB <64); 
880 LPRINT USING "#.#### 11 ;0UTFLOW::LPRINT TAB<73>; 
890 LPRINT USING 11 ###.## 11 ;0UTFLOW*12.110936# 
900 PRINT #1, GNDWTR 'SEND VALUE GNDWTR TO FILE "STOROUT" 
91 (> PR I NT # 1 ' RUNOFF , SEND VALUE RUNOFF TO FI LE II STOF:OUT II 
920 PF: I NT # 1' STORAGE: ~SEND VALUE STOF:AGE TO FI LE II STOROUT II 
930 PRINT #1, OUTFLOW 'SEND VALUE OUTFLOW TO FILE 11 STOROUT 11 
932 CUMGW = CUMGW + GNDWTR 
934 CUMPRECP = CUMPRECP + PRECIP 
936 CUMRNOFF = CUMRNOFF + RUNOFF 
940 CUMOUT = CUMOUT + OUTFLOW 
950 IF STORAGE > MAXSTOR THEN MAXSTOR = STORAGE 
960 IF STORAGE < MINSTOR THEN MINSTOR = STORAGE 
970 IF OUTFLOW > MAXOUT THEN MAXOUT = OUTFLOW 
980 IF OUTFLOW < MINOUT THEN MINOUT = OUTFLOW 
990 NEXT I 
1000 '******END LOOP****** 
1001 PRINT "ENTER WATERSHED AREA < IN ACRES )" 
lC>03 F·RINT "FOR EXAMPLE, ENTER ( 100 > 11 : INPUT WATSHAR 
1005 CUMF'RECP <CUMPRECP/AREA>*WATSHAR 
1007 PERCRNOF = <CUMRNOFF/CUMPRECP>*lOO 
1009 PERCOUTF = CCUMOUT/CUMPRECP>*100 
1010 LPRINT TABC2>;''=========================================================== 
==================" 
1020 LF·F:INT TAB<21 >:"MAXIMUM STORAGE 
.. ACRE FT II 
1C>30 LPRINT TAB <21 >:"MINIMUM STORAGE 
.. ACRE FT II 
"; :LPF:INT USING 11 ###.##";MAXSTOF:. :LPF:Hr 
"; :LPRINT USING "###.##";MINSTOR, :LPF:I~·r: 
1(;40 LPF~INT TAB <21 >;"FINAL STORAGE = ";: LPRINT USING 11 ###. ##";STORAGE.: LPRHH 
ACRE FT II 
1050 LPRINT TAEc <21 >~"MAXIMUM OUTFLOW 
II ACf::E FT II 
1C>60 LPRINT TAB <21 >;"MINIMUM OUTFLOL.J 
.. ACRE FT II 
";: LPRINT USING "##. #### 11 ; MAX OUT,: LPRH.r 
II; : LPR I NT us I NG II#.###### II; MI NO\JT. : LPR I: 
110 
ACF-:E Fl / H, :.; '' 
1 (>8 U LFF: I kT TAB .: :: 1 _; ~ "CUMULAT: "/E ouTFLOvJ = 11 ; : LF·f::: ~NI u~ I NC:. •· ~#;;. :1:t##:tt 11 : c :_ir·u J 7". : L 
I t.JT II ACF:E FT II 
::.1)84 LF·FdNT TAB \ .::1 :; : 11 FH.1AL INFL01;..; = 11 :: LFhHiT usr:.JL:, ''"*~- t.### 11 : OLDI. = :._~:;: r ;-r: .. 
F:E FT / ' HF: II 
108D LFF: HJT TAB <2J.): 11 CUl"iUL~TI'v'E GG:DUND1..J.;iEF: = 11 : :u=· i~: :NT LEHIG 11 ##;;~ ; .. *t.:;:tl; " :C ·..J tiC .-
LF'F: l NT " ACRE FT II 
1 090 LF'R I tJT TAB (.:: 1 ) : "F'EF:CENT F~Ut·' OFF = II; : LF·F: I N1 us I tlG II######.## II: F'ET:C FNCti:. : L~ 
NT II PEF:CENT II 
1(>92 LF'R I NT TAB ( 21) ; II F'EF:CEtH OUTFLOW = II; : Li='F: I NT us I NG II#####~.## II; F'EF:COUTF. : L 
INT II PERCENT II 
1095 LF'RINT TAB<2>;''========================================~================= 
==================fl 
1100 CLOSE ~1 
1110 CLOSE #2 
1112 PRINT "DO YOU WISH TO SEE THE SOLIDS ANALYSIS?" 
1114 PRINT II <ENTER < 1 > FOR YES~ <2> FOR NO> II 
1116 INPUT A 
1118 IF A = 1 THEN GOTO 30000 
1120 END 
10000 IF I > 1 THEN 10080 
10010 PRINT ''ENTER FINAL STORAGE, OUTFLOW, INFLOW <IN ACRE-FT> FROM PREVIOUS ~ 
TH" 
10020 PRINT II <EX: 24.59, 10.C>O, 7.(1(>) II 
10030 PR I NT II EtJTER < 999' 0' 0 > IF UNKNO:.iJN II: I NF'UT STOF:AGE' OUTFLOW' OLD I 
10040 IF STORAGE = 999 THEN 10080 
10050 INFLOW= <NEWI+OLDI>*.5 
10060 N=INFLOW +STORAGE - OUTFLOW*.5 
10080 IF N>=27.91465 THEN 10120 
10090 OUTFLOW= <N-24.606317#)/.5723912 
10095 IF OUTFLOW < 0 THEN OUTFLOW = 0 
10100 STORAGE= COUTFLOW+339.90755#)/13.813833# 
10110 RETURN 
10120 IF N>=47.11328 THEN 10160 
10130 OUTFLOW= <N-24.85025>1.5301872 
10135 IF OUTFLOW < 0 THEN OUTFLOW = 0 
10140 STORAGE COUTFLOW+823.20416#)/33.126595# 
10150 RETURN 
10160 OUTFLOW = <N-25.29394)/.5196209 
10165 IF OUTFLOW < 0 THEN OUTFLOW = 0 
10170 STORAGE= COUTFLOW+1289.1337#>150.96610~# 
10180 RETURN 
20000 . ************************** 
20010 •ET GENERATION ROUTINE 
20020 'USING RANDOM NUMBERS AND A 
20030 'PROBABILITY DISTRIBUTION 
20040 '************************** 
20050 N = VAL<TIME$) 'RANDOMLY CHOOSE RANDOM NUMBER R~SEED 
20060 V = INT<RND<N>*C1001>> 'CHOOSE RANDOM NUMBER BETWEEN 0 AND 1000 
20070 ON MONTH GOTO 20090, 20180, 20300, 20420, 20540, 20690, 20840. 21050, 21 
o, 21380, 21500, 21620 
20080 'JANUARY 
20090 IF v > 505 THEN 20120 
20100 ET = .0042 
20110 GOTO 21690 
20120 IF '../ > 978 THEN 20140 
20130 ET = .0125 
20140 GOTO 2169(> 
20150 ET = .0208 
20160 GOTO 21690 
2017(> 'FEBRUARY 
20180 IF v > 114 THEN 20210 
20190 ET = .0042 
2020(1 GOTO 21690 
20210 IF v > 810 THEN 20240 
::: c.:: 0 I F ·) 
~- ·- '.:.. ( : El = . "-'~ · ->o 
































20410 ' AF'F: IL 
THEt-i 20360 
THEr·.i 20:::90 
20420 IF V > 33 THEN GOTO 20450 
20430 ET = .0042 
20440 GOTO 21690 
20450 IF V > 189 THEN GOTO 20480 
20460 ET = .0125 
20470 GDTD 21690 
20480 IF V > 778 THEN GOTO 20510 
20490 ET = .0208 
20500 GOTO 21690 
20510 ET = .0292 
20520 GOTO 21690 
20530 'MAY 
20540 IF V > 8 THEN GOTO 20570 
20550 ET = .0042 
20560 GOTO 21690 
20570 IF V > 109 THEN GOTO 20600 
20580 ET = .0125 
20590 GOTO 21690 
20600 IF V > 479 THEN 20630 
20610 ET = .0208 
20620 GOTO 21690 
20630 IF V > 958 THEN 20660 
20640 ET = .0292 
20650 GOTO 21690 
20660 ET = .0375 
20670 GOTO 21690 
20680 'JUNE 
20690 IF V > 17 THEN 20720 
20700 ET = .0042 































20820 GOTO 21690 




20840 IF V > 16 THEN 20870 
20850 ET = .0042 
20860 GOTO 21690 
20870 IF V > 113 THEN 20900 
111 
: :r)· 7 1 (i ET = 0 2 0\3 
.:: 1.:;-:;;·: ··) GOTO .:::: 16'7'0 
2 ( ;7::_:.;) IF \,,..! 9 1 1 THD·~ 2 o·=ic:., o 
2 ,.:,,._? 4 0 ET = 0 :.9:;:·: 
2 t)S·5 0 GOTO 21690 
2 0 9 60 IF V 984 THE N 2 0 99 0 
20·:;:- 7 0 ET = 0375 
20'7'8 0 GOTO 21690 
20'7'9 0 IF '../ > 992 THEN 21 (;2 ;) 
21 000 El'· = 0458 
21010 GOTO 2169 0 
21020 ET = 070 8 
21030 GOTO 21690 
21040 " AUGUST 
21050 IF V > 25 THEN 21080 
21060 ET = .0042 
21070 GOTG 21690 
21080 IF V > 208 THEN 21110 
21090 ET = .0125 
2 1100 GOTO 21690 
2111 0 IF V > 842 THEN 2114 0 
21120 ET= 0208 
211 30 GOTO 21690 
21 1 4 0 IF V > 967 THEN 21170 
21150 ET= .0292 
21160 GOTO 21690 
211 7 0 IF V ~ 992 THEN 21200 
2 1 1 B •.) ET = 0 3 7 5 
2 1 190 GOTO 21690 
21200 ET = .0458 
21210 GOTO 21690 
21220 "SEPTEMBER 
2123 0 IF V > 78 THEN 21260 
2124 0 ET = .0042 
21250 GOTO 21690 
21260 IF V > 356 THEN 21290 
21270 ET = .0125 
21280 GOTO 21690 
21290 IF V > 870 THEN 21320 
21300 ET = .0208 
21310 GOTO 21690 
21320 IF V ~ 991 THEN 21350 
21330 ET = 0292 
21340 GOTO 21690 
21350 ET = 0485 
21360 GOTO 21690 
21370 'OCTOBEF: 
21380 IF V > 74 THEN 21410 
21390 ET = .0042 
21400 GOTO 21690 
21410 IF V 554 THEN 21440 
21420 ET = 0125 
21430 GOTO 21690 
21440 IF V > 975 THEN 21470 
21450 ET = 0208 
21460 GOTO 21690 
21470 ET = .0292 
21480 GOTO 21690 
21490 " NO'·JEMBER 
2150 0 IF V > 235 THEN 21530 
21510 ET = 0042 
21520 GOTO 21690 
2153(> IF 'v '> 891 THEN 21560 
112 
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:: 16(>0 GC:TO 216'7 0 
:: 1610 'DECEr1BER 
21620 IF V > 442 THEN 21650 
21630 ET = . (>042 
21640 GOTO 21690 
21650 IF V > 969 THEN 21680 
21660 ET= .0125 
21670 GOTO 2169(1 
21680 ET = .0208 
21690 '************************** 
21700 'GNWTR GENERATION ROUTINE 
21710 'USING RANDOM NUMBERS AND A 
21720 "PROBABILITY DISTRIBUTION 
113 
21730 '************************** 
21740 N = VAL<TIME$) "RANDOMLY CHOOSE RANDOM NUMBER RESEED 
21750 V = INTCRND<N>*<10001>> 'CHOOSE RANDOM NUMBE~ BETWEEN 0 AND 1000 
21760 ON MONTH GOTO 25140, 25360, 26010, 26170, 26260. 26350, 22150~ 22620~ 23: 
0, 24100, 24440, 24890 
21770 IF DCNT > 19 THEN 21920 
21780 "JUNE 12 - 19 
21790 IF V > 1750 THEN 21810 
21800 GW = -540.96:GOTO 21900 
21810 IF V > 2000 THEN 21830 
21820 GW -135.24:GOTO 21900 
21830 IF V > 5500 THEN 21850 
21840 GW O:GOTO 21900 
21850 IF V > 9500 THEN 21870 
21860 GW = 135.24: GOTO 21900 
21870 IF V > 9750 THEN 21890 
21880 GW = 405.72: GOTO 21900 
21890 GW 676.2 
21900 GW = 484.62 + GW 
21910 GOTO 26400 
21920 IF DCNT > 27 THEN 21970 
21930 'JUNE 20 - 27 
21940 MULT = DCNT - 20 
21950 GW = 31.8702*<HCNT + MULT*24> + 484.62 
21960 GOTO 26400 
21970 'JUNE 28 - 30 
21980 IF V > 588 THEN 22000 
21990 GW = -664.08:GOTO 22130 
22000 IF V > 2914 THEN 22020 
22010 GW -442.72:GOTO 22130 
22020 IF V > 4118 THEN 22040 
22030 GW -221.36:GOTO 22130 
22040 IF V > 5294 THEN 22060 
22050 GW O:GOTO 22130 
22060 IF V > 7647 THEN 22080 
22070 GW 221.36:GOTO 22130 
22080 IF V > 8824 THEN 22100 
22090 GW = 442.72:GOTO 22130 
22100 IF V > 9412 THEN 22120 
22110 GW = 664.0B:GOTO 22130 
22120 GW 885.44 
22130 GW 5838.82 + GW 
22140 GOTO 26400 
22150 IF DCNT > 14 THEN 22380 
22160 "JULY 1 - 14 
22170 IF V > 265 THEN 22190 
22180 GW = -663.14: GOTO 22360 
-.-.-.... -. 
... ~ ....... -- .1 '·- ·' 
.- ,·- , - , - , I \ 
.L.---..:..' -' 
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22:.:60 














- .t~9 -, . . 6 : GOT : ~ -::o C 
~ . .. - T i -!:::: t•J :: 3 0 
- -:::::: 1 • 7 ~ GC.1T :.:-::6 (1 
415 THG ·J ~. 5 r) 
-165. 7t:: : GOT '..::3 6 ;) 
> 5~ 98 THEN ~ 7 0 
0: GOTO 2236 
> 7611 THEN 2290 
GvJ '.::22 E< (i 165. 78: GDTO 22360 
IF 1.; 22290 920 4 THEN 22310 
GW 22 ~:.o o 331. 57: GCITO 22-:...s o 
IF \/ 2'.::310 > 9646 THEN 22330 
GvJ 22320 497.36: GOTO 22360 
IF 1.) 22330 > 9734 THEN 22350 
22340 GW 663.14: GOTO 22360 
22350 GW - 828.92 
22360 GW 5127.04 + GW 
22370 GOTO 26400 
22380 'JULY 15 - 31 
22390 IF V > 1940 THEN 22410 
22400 GW -335.72: GOTO 22600 












































-268.58: GOTO 22600 
•' 3880 THEN 22450 
-20 1.44: GOTO 22600 
> 4925 THEN 22470 
-134.29: GOTO 22600 
.. · 5448 THEN 22 4 90 
-67. 1 4 : GO TO 226 00 
> 5'?70 THEN 22510 
(>: GOTO 22600 
> 6418 THEN 22530 
67. 14: GO TO 22600 
·' 7015 THEN 22550 
134. 29 ~ GOTO 22600 
> 7537 THEN 22570 
201.44: GOTO 2260(> 
7985 THEN 22590 
268.58: GOTO 22600 
335.72 
22600 GW 5882.2 + GW 
22610 GOTO 26400 
22620 IF DCNT > 1 THEN 22750 
2 2 630 'AUGUST 1 
22640 IF V > 1428 THEN 22660 
22650 GW -873.81: GOTO 22730 
22660 IF V > 2857 THEN 22680 
22670 GW -582.54: GOTO 22730 
22680 IF V > 5714 THEN 22700 
22690 GW 0: GOTO 22730 
22700 IF V > 7143 THEN 22720 
22710 GW 291.27: GOTO 22730 
22720 GW 582.54 
22730 GW 5636.43 + GW 
22740 GOTO 26400 
22750 IF DCNT > 8 THEN 22940 
22760 'AUGUST 2 - 8 
22770 IF V > 164 THEN 22790 
22780 GW -312.12: GOTO 22920 
22790 IF V > 2131 THEN 22810 
22800 GvJ 
22810 IF V 
22820 GW 
22830 IF V 
22840 GvJ 
-208.08: GOTO 22920 
> 5082 THEN 22830 
-104.04: GOTO 22920 
> 6885 THEN 22850 
0: GOTO 22920 
114 
~ .. :2 ~··.:..\i:J G ' vi l <)4. 0 4: GU1 C• 2:: .. :,:·:;-::: :> 
-- ·:~ .. . ., IF- V ) 836 1 THEN 22890 
::os. 08: GOTD 22 '7':20 
> 9180 THEN 22910 
2=:8EO Gt·J 
IF '.) 
GW 312. 12: GOTO 2:: 9 20 
:: :: ·::;:· 1 ·:> c:JW' 520 .. 2 
22 9 20 GW 6 341 .15 + GW 
22'=t30 GOTO 26400 
22940 IF DCNT > 20 THEN 23090 
22950 "AUGUST 9 - 20 
22960 IF ',/ .> 1 7E: THEN 2298:) 
22970 GW -651.8: GOTO 23070 
22980 IF \) > 1339 Tl-4EN 23000 
22990 GW -325.9: GOTO 23070 
23000 IF V > 6964 THEN 23020 
23010 GW . 0: GOTO 23070 
23020 IF V > 9464 THEN 23040 
23030 GW 325.9: GOTO 23070 
23040 IF V > 9911 THEN 23060 
23050 GW 651.8: GOTO 23070 
23060 GW 977.7 
23070 GW 5845.51 + GW 
23080 GOTO 26400 
23090 "AUGUST 21 -31 
23100 IF V > 104 THEN 23120 
23110 GW -412.08: GOTO 23290 
23120 IF V > 833 THEN 23140 
23130 GW -309.06: GOTO 23290 
23140 IF V > 2083 THEN 23160 


































> 4792 THEN 23180 
-103.02: GOTO 23290 
> 6250 THEN 23200 
0: GOTO 23290 
> 7919 THEN 23220 
103.02: GOTO 23290 
> 8750 THEN 23240 
206.04: GOTO 23290 
> 9271 THEN 23260 
309.06: GOTO 23290 
> 9792 THEN 23280 
412.08: GOTO 23290 
515. 1 
23290 GW 5542.86 + GW 
23300 GOTO 26400 
23310 IF DCNT > 3 THEN 23500 
23320 'SEPT 1 - 3 
23330 IF V > 1379 THEN 23350 
23340 Gl>J 
23350 IF '·J 
23360 GW 
23370 IF ',.) 
23380 GW 
23390 IF V 
23400 GW 
23410 IF 'J 
23420 Gl>J 
23430 IF \/ 
23440 GW 
23450 IF V 
23460 GW 
2:3470 GW 
-448.05: GOTO 23480 
> 3103 THEN 23370 
-298.7: GOTO 23480 
> 4828 THEN 23390 
-149.35: GOTO 23480 
> 5517 THEN 23410 
0: GOTO 23480 
> 7586 THEN 23430 
149.35: GOTO 23480 
> 8621 THEN 23450 
298.7: GOTO 23480 
> 9655 THEN 23470 
448.05: GOTO 23480 
597.4 
23480 GW 5484.83 + GW 
23490 GOTO 26400 
23500 IF DCNT > 14 THEN 23710 
115 
=353 0 GW -370 .42: GOTG 23690 
:.3540 IF './> 1.=:bo THE f.1 :::::st: .) 
2::sso G~·.; -277. 82 ~ GDT[I 2::6'7'0 
::-::560 IF ',/ > 2 ;7' 1 1 THEl'·1 235Ei0 
235/ r) Gl>J -13::_;. 21: GOTO 23090 
23580 IF 'v 37'7'7 THEN 23600 
235·=ir). GW -·:;1 2. 6: GOTO 23690 
23600 IF V 5316 THEN 23620 
23610 GW 0: GOTO 23690 
23620 IF V > 7468 THEN 23640 
23630 GW 92.6: GOTO 23690 
23640 IF V > 8987 THEN 23660 
23650 GW 
23660 IF V 
23670 GW 
185.21: GOTO 23690 
> 9873 . THEN 23680 
277.82: GOTO 23690 
23680 GW 370.42 
23690 GW 6001.14 + GW 
23700 GOTO 26400 
23710 IF DCNT > 27 THEN 23940 
23720 "SEPT 15 - 27 
23730 IF V > 472 THEN 23750 
GW 23740 -652.05: GOTO 23920 
23750 > 943 THEN 23770 IF v 
Gt>J 23760 -521.64: GOTO 23920 
23770 > 1226 THEN 23790 IF v 
GW 23780 -391.23: GOTO 23920 
23790 > 1509 THEN 23810 IF '..) 
GvJ 23800 -260.82: GOTO 23920 
23810 > 3302 THEN 23830 IF 'v' 
GvJ 23820 -130.41: GOTO 23920 
23830 > 5660 THEN 23850 IF 'J 
GW 23840 0: GOTO 23920 
23850 > 7924 THEN 23870 IF '·./ 
Gl.-J 23860 130.41: GOTO 23920 
23870 > 9057 THEN 23890 IF '..) 
23880 260.82: GOTO 23920 GW 
23890 > 9811 THEN 23910 IF v 
23900 GW 391.23: GOTO 23920 
23910 GW 521.64 
23920 GW 5172.97 + GW 
23930 GOTO 26400 
23940 "SEPT 28 - 30 







-375.52: GOTO 24080 
> 2174 THEN 23990 
-250.35: GOTO 24080 
> 3913 THEN 24010 
-125.18: GOTO 24080 
> 7391 THEN 24030 
24020 0: GOTO 24080 
24030 > 8696 THEN 24050 
24040 125.18: GbTO 24080 
24050 > 9130 THEN 24070 
24060 250.35: GOTO 24080 
24070 625.88 
24080 GW 4734.13 + GW 
24090 GOTO 26400 
24100 IF DCNT > 3 GOTO 24250 
24110 'OCT 1 - 3 
24120 IF V > 3333 THEN 24 40 
24130 GW -272.13: GOTO 4230 
24140 IF\/ > 4762 THEN 24 60 
24150 GW -136.06: GOTO 4230 
24160 IF V > 6190 THEN 24 80 
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;:0 ·=;· 5 THF~! ··i -.:: :::(;;:1 
1 ""'.' • •).=:-: t::·OTO 4.:;:<S •) 
048 THEN 2 2=:1:1 
.- ,..., 
...:. • 1 3: GDTC! 423 ') 
6Ei • 3:2: 
4 .~ ·:;· . 05 + GW 
24240 GOTO 26 0(> 
2425 l:> IF DUH > 28 GOTO 24::.;)c) 
24260 "OCT 4 - 28 
24270 MULT = DCNT - 4 
24280 GW = -2.1725*<HCNT + MULT*24) + 4629.05 
242'7'0 GClTO 26400 
24300 "OCT 29 - 31 
24310 IF V > 2222 THEN 24330 
24320 GW -225.67: GOTO 24420 
24330 IF . V > 5556 THEN 24350 
24340 GW -112.84: GOTO 24420 
24350 IF V > 6667 THEN 24370 
24360 GW 0: GOTO 24420 
24370 IF V > 8333 THEN 24390 
24380 GW 112.84: GOTO 24420 
24390 IF V > 9444 THEN 24410 
24400 GW 225.67: GOTO 24420 
24410 GW 564.18 
24420 GW 3325.56 + GW 
24430 GOTO 26400 
24440 "NOV 1 - 25 
24450 IF DCNT > 25 THEN 24670 
24460 IF V > 196 THEN 24480 
24470 GW -356.56: GOTO 24650 
24480 IF V > 549 THEN 24500 
24490 GW -267.42: GOTO 24650 
24500 IF V > 2196 THEN 24520 
24510 GW -178.28: GOTO 24650 
24520 IF V > 4980 THEN 24540 
24530 GW -89.14: GOTO 24650 
24540 IF V > 6980 THEN 24560 
24550 GW 0: GOTO 24650 
24560 IF V > 7765 THEN 24580 
24570 GW 89.14: GOTO 24650 
24580 IF V > 8392 THEN 24600 
24590 GW 178.28: GOTO 24650 
24600 IF V > 9098 THEN 24620 
24610 GW 267.42: GOTO 24650 
24620 IF V > 9882 THEN 24640 
24630 GW 356.56: GOTO 24650 
24640 GW 445.7 
24650 GW 3819.67 + GW 
24660 GOTO 26400 
24670 "NOV 26 - 30 
24680 IF V > 370 THEN 24700 
24690 GW -226.35: GOTO 24870 
24700 IF V > 741 THEN 24720 
24710 GW -181.08: GOTO 24870 
24720 IF V > 1296 THEN 24740 
24730 GW -135.81: GOTO 24870 
24740 IF V > 2222 THEN 24760 
24750 GW -90.54: GOTO 24870 
24760 IF V > 3148 THEN 24780 
24770 GW -45.27: GOTO 24870 
24780 IF V > 5000 THEN 24800 
24790 GW 
24800 IF 'v' 
24810 GW 
24820 IF V 
0: GOTO 24870 
> 8333 THEN 24820 
45.27: GOTO 24870 
> 9259 THEN 24840 
117 
:-~ ·+ ;=.::- 4 ; ~ ; I F 1../ 
~4 E: 5 · J Gi,...J 
THEN 2486 C1 
GDTO ::4 :371.) 
248 7· ~ 1 G~; 9. + Gl•J 
'.2488 · ~. ' GOTO 2b 00 
? 48q0 IF DCNT > 3 THEN 25100 
24 ·:;:·00 ' DEC 1 - 3 










































::"12 THEN 24930 
-171 . 58: GOTG 25080 
r\~M 
7 . ..:•0 THEN 2495•) 
-137.26: GOTO 2508<) 
,. 1250 THEN 2497 0 
-1(12. 94: GOTO 25080 
1875 THEr-l 24990 
-68.6:::: GOTO 25080 
> 3438 THEN 25010 
-34.32: GOTO 25080 
> 5626 THEN 25030 
(l: GOTO 25080 
.' 7500 THEN 25050 
34.32: GOTO 25080 
> 9062 THEN 25070 
68.63: GOTO 25080 
102.94 
3940.78 + GW 
26400 
4 - 31 
= DCNT - 4 
25120 GW = -.1893i<HCNT + MULT*24) + 3940.78 
25130 GOTO 26400 
25140 IF DCNT > 14 THEN 25190 
25150 'JAN 1 - 14 
25160 MULT = DCNT - 1 
25170 GW = -.1892*<HCNT + MULT*24) + 3813.59 
25180 GOTO 26400 
25190 IF DCNT > 29 THEN 25240 
25200 'JAN 15 - 29 
25210 MULT = DCNT - 15 
25220 GW = .1467*<HCNT + MULT*24) + 3750 
25230 GOTO 26400 
25240 'JAN 30 - 31 
25250 IF V > 4375 THEN 25270 
25260 GW -141.7: GOTO 25340 
25270 IF V > 5000 THEN 25290 
25280 GW -70.85: GOTO 25340 
25290 IF V > 6250 THEN 25310 
25300 GW 0: GOTO 25340 
25310 IF V > 8125 THEN 25330 
25320 GW 141.7: GOTO 25340 
25330 GW 212.55 
25340 GW 3802.81 + GW 
25350 GOTO 26400 
25360 "FEB 1 - 11 
25370 IF DCNT > 11 THEN 25590 


























-276.58: GOTO 25570 
·' 
6~·= ..;;.....; THEN 25420 
-221.26: GOTO 25570 
., 804 THEN 25440 
-165.94: GOTO :25570 
.> 1607 THEN 25460 
-110.63: GOTO 25570 
> 3928 THEN 25480 
-55.32: GOTO 25570 
> 6518 THEN 25500 
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~1::-· r - • • 





'.i 7768 THEN 5520 
::; . -=::.=:: GO TO 55~Tu 
11 
v 8482 THE N 554 :) 
22::.S?J:; C:iVJ 1 ') .. 63: GOTO :: 5~70 
2554 ::> IF 1·) q643 THEN 25560 




3 7 21. 47 + Gl>J 
2558(1 GOTO 2640U 
~5590 IF DCNT > 17 THEN 25800 
25600 'FEB 12 - 17 
'.25610 IF. \) > 33·:;· THE~·. i 256:::0 
25620 GW -195.88: GOTO 25780 
25630 IF V > 1356 THEN 25650 
25640 GW -146.91: GOTO 25780 
25650 IF V > 2542 THEN 25670 
25660 GW -97.94: GOTO 25780 
25670 IF V > 4237 THEN 25690 
25680 GW -48.97: GOTO 25780 
25690 IF V > 5763 THEN 25710 
25700 GW 0: GOTO 25780 











48.97: GOTO 25780 
> 8814 THEN 25750 
97.94: GOTO 25780 
> 9661 THEN 2577 0 
146.91: GOTO 25780 
195.88 
25780 GW 4120.85 + GW 
25790 GOTO 26400 
25800 IF DCNT > 26 THEN 25850 
25810 'FEB 18 - 26 























-.9646*<HCNT + MULT*24> + 4120.85 
26400 
27 - 28 
> 714 THEN 25880 
-444.7: GOTO 25990 
> 1428 THEN 25900 
-333.52: GOTO 25990 
> 2143 THEN 25920 
-222.35: GOTO 25990 
> 2857 THEN 25940 
-111.18: GOTO 25990 
IF v 25940 > 5714 THEN 25960 
25950 0: GOTO 25990 GW 
IF v 25960 > 7143 THEN 25980 
25970 GW 111.18: GOTO 25990 
25980 GW 222.35 
25990 GW 3912.5 + GW 
26000 GOTO 26400 
26010 'MARCH 1 - 3 
26020 IF V > 526 THEN 26040 
26030 GW -310.58: GOTO 26110 
26040 IF V > 3158 THEN 26060 
26050 GW -62.12: GOTO 26110 
~6060 IF V > 5789 THEN 26080 
26070 GW 0: GOTO 26110 
26080 IF V } 7895 THEN 26100 
26090 GW 62.12: GOTO 26110 
26100 GW 124.23 
26110 GW 4192.89 + GW 
26120 GOTO 26400 
26130 'MARCH 4 - 31 
26140 MULT = DCNT - 4 
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26150 GW = -3.0213*<HCNT + MULTt24l + 4192.89 
2616(> GOTO 26400 
26170 IF DCNT > 5 THEN 26220 
26180 'APRIL 1 - 5 
26190 MULT = DCNT - 1 
26200 GW = -3.0215*<HCNT + MULT*24) + 2162.58 
26210 GOTO 26400 
26220 'APRIL 6 - 30 
26230 MULT = DCNT - 6 
26240 GW ~ -1.7143t<HCNT + MULT*24> + 1800 
26250 GOTO 26400 
26260 IF DCNT > 10 THEN 26310 
26270 'MAY 1 - 10 
26280 MULT·= DCNT - 1 
26290 GW = -1.7142*<HCNT + MULT*24) + 771.42 
26300 GOTO 26400 
26310 'MAY 11 - 31 
26320 MULT = DCNT - 11 
26330 GW = .1623*<HCNT + MULT*24> + 360 
26340 GOTO 2640(1 
26350 IF DCNT > 11 THEN 21770 
26360 'JUNE 1 - 11 
26370 MULT = DCNT - 1 
26380 GW = .1622*<HCNT + MULT*24) + 441.8 
26390 GOTO 26400 
26400 IF HCNT <> 24 THEN 26420 
26410 HCNT = 0: DCNT = DCNT + 1 
26420 HCNT = HCNT + 1 
26430 RETURN 
30000 '***************************************************************** 
30010 ' SOLIDS ANALYSIS ROUTINE 
30020 ' THE SOLIDS ANALYSIS ROUTINE CALCULATES THE MONTHLY MASS INPUT~ 
30030 " MASS OUTPUT AND PERCENT REMOVAL. THE CALCULATION IS DONE GIVEN: 
30040 ' A.> RUNOFFCR> •••••••••••••••• AC-FT 
30060 ' B.> OUTFLOW<OUTFLOW> ••••••••• AC-FT 
30070 ' C.> ASSUMING THE GROUNDWATER SUSPENDED SOLIDS CONCENTRATION 
30080 ' EQUALS ZERO. 
30086 • AND BY GENERATING <BY EMPIRICAL PROBABILITY DISTRIB~TION>: 
30090' A.> SUSPENDED SOLIDS CONCENTRATION ••••.•••. mg/l 
30093 ' B.> TOTAL SOLIDS CONCENTRATION ••••••••••••• mg/l 




30120 OPEN "STOROUT" FOR INPUT AS #1 
30130 CONCTOSS = 0 : INMSSTOT = 0 
30140 CONCTRTN = 0 : INMSS = 0 
30150 XNUM = 20 .1208 
30160 FOR STP = 1 TO 48 
30170 XBAR<STP> = XNUM 
30180 XNUM = XNUM - .1208 
30190 NEXT STP 
'CALCULATION OF SUSPENDED SOLIDS 
'MEAN IN THE OUTLET DURING THE 
'TRANSITION PERIOD AND THEN USES THE 
'NON-RUNOFF CONDITION DISTRIBUTION TO 
'DETERMINE THE SUS. SOLIDS CONC. 
30200 STP = 0 
30210 FOR I = 1 TO NUM2 
30220 N = VAL<TIME$> 
30230 V = INT<RND<N>*10001> 
30240 INPUT #1~ G, RUNOFF, S~ OUTFLOW 
30250 IF RUNOFF > 0 THEN 30470 
30260 STP = STP + 1 
30270 IF STP > 48 THEN STP = 48 
30280 IF V > 370 THEN 30300 
30290 STANDEV = -9.2: GOTO 30450 
30300 IF V > 1481 THEN 30320 
30310 STANDEV = -6.9:GOTO 30450 
30320 IF V > 1852 THEN 30340 
'RANDOMLY CHOOSE RANDOM NUM. RESEED 
"CHOOSE RANDOM NUM. BETW. 0 AND 10000 
"CALCULATION OF SUSPENDED SOLIDS IN 
'THE OUTLET DURING NON-RUNOFF 
"CONDITION, USING THE EMPIRICAL 
'PROBABILITY DISTRIBUTION. 
:;. (1:::.:::1.) STANDE \/ = -4.6:GOTu ::.(>45 ,) 
3(>34•) IF V > 3704 THEN 3036•) 
30350 STANDE',/ = -2. 3: GOTO 30450 
30360 IF V > 5556 THEN 30380 
30370 STANDEV = O:GOTO 30450 
30380 IF V > 8889 THEN 30400 
30390 STANDEV = 2.3:GOTO 30450 
30400 IF V > 9259 THEN 30420 
30410 STANDEV = 4.6:GOTO 30450 
30420 IF V > 9630 THEN 30440 
30430 STANDEV = 6.9:GOTO 30450 
30440 STAN_DE'./ = 11.5 
30450 CONCTRTN = XBARCSTP> + STANDEV 
30460 GOTO 30570 
30470 STP = 0 
30480 IF V > 1176 THEN 30500 
30490 CONCTRTN = 11: GOTO 30570 
30500 IF V > 5882 THEN 30520 
30510 CONCTRTN = 15.5:GOTO 30570 
30520 IF V > 7647 THEN 30540 
30530 CONCTRTN = 20:GOTO 30570 
30540 IF V > 9412 THEN 30560 
30550 CONCTRTN 29:GOTO 30570 
30560 CONCTRTN = 42.5 
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'CALCULATION OF SUSPENDED SOLIDS IN 
'THE OUTLET DURING RUNOFF CONDITION. 
~usING THE EMPIRICAL PROBABILITY . 
'DISTRIBUTION. 
30570 CONCTOSS = <CONCTRTN*OUTFLOW +CONCTOSS> 'TOTAL SUS. SOLIDS IN OUTLET 
30575 GOSUB 40000 
30577 INMSSTOT = INMSSTOT + INMSS 
30580 NEXT I 




30590 CLOSE #1 
CONCTOSS * 2.7221 ~coNVERSION TO POUNDS 
= INMSSTOT * 2.7221 'CONVERSION TO POUNDS 
=<<INMSSTOT - CONCTOSS>IINMSSTOT>*100 'PERCENT REMOVAL OF 
'SUS. SOLIDS 
31000 OPEN "STOROUT" FOR INPUT AS #1 
31010 CONCTOTS = 0 : INMTSTOT = 0 
31020 CONCTRTN = O:INMTS = 0 
31030 XNUM = 150.9 - .0854 
31040 FOR STP = 1 TO 48 
31050 XBAR<STP> = XNUM 
31060 XNUM = XNUM - .0854 
31070 NEXT STP 
31080 STP = 0 
'CALCULATION OF TOTAL SOLIDS 
'MEAN IN THE OUTLET DURING 
~THE TRANSITION PERIOD AND THEN 
'USES THE NON-RUNOFF CONDITION 
'DISTRIBUTION TO DETERMINE THE 
'TOTAL SOLIDS CONC. 
31090 FOR I = 1 TO NUM2 
31100 N = VAL<TIME$) 
31110 V = INTCRND<N>*10001> 
31120 INPUT #1, GNDWTR, RUNOFF, S, 
31130 IF RUNOFF > 0 THEN 31350 
31140 STP s STP + 1 
'RANDOMLY CHOOSE RANDOM NUM. RESEED 
'CHOOSE RANDOM NUM. BETW. 0 AND 10000 
OUTFLOW 
31150 IF STP > 48 THEN STP = 48 
31160 IF V >. 345 THEN 31180 
31170 STANDEV = -59:GOTO 31330 
31180 IF V > 1034 THEN 31200 
31190 STANDEV = -44.25:GOTO 31330 
31200 IF V > 1724 THEN 31220 
31210 STANDEV = -29.5:GOTO 31330 
31220 IF V > 4483 THEN 31240 
31230 STANDEV = -14.75:GOTO 31330 
31240 IF V > 6552 THEN 31260 
31250 STANDEV = O:GOTO 31330 
31260 IF V > 7931 THEN 31280 
31270 STANDEV = 14.75:GOTO 31330 
31280 IF V > 8276 THEN 31300 
31290 STANDEV = 29.5:GOTO 31330 
31300 IF V > 9655 THEN 31320 
31310 STANDEV = 44.25:GOTO 31330 
31320 STANDEV = 59 
31330 CONCTRTN = XBAR<STP) +. STANDEV 
• CALCULATlON OF TOTAL SOLIDS IN 
'THE OUTLET DURING NON-RUNOFF 
'CONDITION, USING THE EMPIRICAL 
'PROBABILITY DISTIBUTION. 
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3135(> STF' = 0 
31360 IF V > 417 THEN 31380 
31370 CONCTRTN = 66.3:GOTO 31510 
31380 IF V > 833 THEN 31400 
31390 CONCTRTN = 87.4 :GOTO 31510 
31400 IF V > 2917 THEN 31420 
31410 CONCTRTN = 108.6:GOTO 31510 
"CALCULATION OF TOTAL SOLIDS IN 
"THE OUTLET DURING RUNOFF CONDITION. 
'US I NG THE EMF' IF: I CAL F·F;OBAE< IL 1 T \' 
'DISTRIBUTION. 
31420 fF V > 3750 THEN 31440 
31430 CONCTRTN = 129.8:GOTO 31510 
31440 IF V > 6250 THEN 31460 
31450 CONCTRTN = 150.9:GOTO 31510 
31460 IF ~ > 7083 THEN 31480 
31470 CONCTRTN = 172:GOTO 31510 
31480 IF V > 8750 THEN 31500 
31490 CONCTRTN 193.2:GOTO 31510 
31500 CONCTRTN = 214.4 
31510 CONCTOTS = CONCTRTN*OUTFLOW + CONCTOTS 
31520 GOSUB 45000 
31525 INMTSTOT = INMTSTOT + INMTS 
31530 NEXT I 
'TOTAL TOT. SOLIDS IN OUTLET 
'TOTAL TOT. SOLIDS IN INPUT 
31540 CONCTOTS = 
31550 INMTSTOT 
31555 PERREMTS 
31560 CLOSE #1 
CONCTOTS * 2.7221 'CONVERSION TO POUNDS 
INMTSTOT * 2.7221 'CONVERSION TO POUNDS 
=<CINMTSTOT - CONCTOTS>IINMTSTOT>*100 ~PERCENT REMOVAL OF 
' TOT. SOLI OS 
31570 LPRINT TAB<28>;"********************" 
31580 LPRINT TABC28>;" SUSPENDED SOLIDS 
31590 LPRINT TAB(28>;"********************" 
31600 LPRINT TAB <21 >;"TOTAL INPUT MASS = ";: LF'RINT USING "#####. ##"; INMSSTOT ~: LF 
RINT " POUNDS" 
31610 LPRINT TAB(21>;"TOTAL OUTPUT MASS= ";:LPRINT USING 11 #####.##";CONCTOSS!':L 
PRINT " POUNDS" 
31620 LPR l NT TAB < 21 > ; "PERCENT REMOVAL = " ; : LPR I NT US I NG "####. ##" ; PER REM SS!' : LPF: I 
NT II PERCENT" 
31670 LPRINT TAB<3C»; "****************" 
31680 LPRINT TAB <3C»;" TOTAL SOLIDS 
31690 LPRINT TAB <3C»; "****************" 
31700 LPRINT TAB<21>;"TOTAL INPUT MASS= ";:LPRINT USING 11 #######.##";INMTSTOT!': 
LF·RINT " POUNDS" 
31710 LPRINT TAB<21>;"TOTAL OUTPUT MASS• ";:LPRINT USING 11 #######.##";CONCTOTS~ 
:LPRINT " POUNDS" 
31720 LPRINT TAB<21>; "F'ERCENT REMOVAL -= "; :LPRINT USING "####.##";PERREMTS!' :LPRI 
NT II PERCENT" 
31725 LPRINT TAB<2>;"•=-=••-===•==z=====••===•==•====•=••=•===•=================== 
z================== II 
31730 GOTO 1120 
40000 ~ 3 PIPE, INLET CONCENTRATION GENERATION ROUTINE FOR CALCULATION 
40010 IF V > 2800 THEN 40030 ~oF SUS. SOLIDS DURING RUNOFF 
40020 INLET = 4.2:GOTO 40140 ~coNDITION, USING THE EMPIRICAL 
40030 IF V > ~600 THEN 40050 'PROBABILITY DISTRIBUTION. 
40040 INLET = 21.4:GOTO 40140 
40050 IF V > 6800 THEN 40070 
40060 INLET = 38.5:GOTO 40140 
40070 IF V > 8000 THEN 40090 
40080 INLET = 55.6:GOTO 40140 
40090 IF V > 8800 THEN 40110 
40100 INLET = 72.8:GOTO 40140 
40110 IF V > 9200 THEN 40130 
40120 INLET = 90:GOTO 40140 
40130 INLET = 124.2 
40140 IF V > 3636 THEN 40160 
40150 PIPE3 = 29.8:GOTO 40250 
40160 IF V > 4545 THEN 40180 
40170 PIPE3 = 50.5:GOTO 40250 
40180 IF V > 6364 THEN 40200 
40190 PJPE3 = 71.2:GOTO 40250 
40200 IF V > 7273 THEN 40220 
40210 PIPE3 = 91.9:GOTO 40250 
40220 IF V > 8182 THEN 40240 
40230 PIPE3 112.6:GOTO 40250 
40240 PIPE3 = 133.3 
40250 INMSS = .25*RUNOFF*PIPE3 + .75tRUNOFFtINLET 
40260 RETURN 
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45000 ' 3PIPE + INLET CONCENTRATION GENERATION ROUTINE FOR CALCULATION OF 
45010 IF V > 930 THEN 45030 'TOTAL SOLIDS DURING RUNOFF 
45020 INPIP3 = 111.2:GOTO 45160 'CONDITION~ USING THE EMPIRICAL 
45030 IF V > 2791 THEN 45050 'PROBABILITY DISTRIBUTION. 
45040 INPI~3 = 135.9:GOTO 45160 
45050 IF V > 4419 THEN 45070 
45060 INPIP3 = 160.6:GOTO 45160 
45070 IF V > 6046 THEN 45090 
45080 INPIP3 = 185.3:GOTO 45160 
45090 IF V > 7907 THEN 45110 
45100 INPIP3 = 210:GOTO 45160 
45110 IF V > 8605 THEN 45130 
45120 INPIP3 = 234.7:GOTO 45160 
45130 IF V > 9~35 THEN 45150 
45140 INPIP3 = 259.4:GOTO 45160 
45150 INPIP3 = 284.1 
45160 INMTS = RUNOFF*INPIP3 













DESCRIPTION OF STORCALC CODING 
DESCRIPTION 
Brief description of the program and the 
equations used to determine hourly outflow 
and storage. 
Title seen by user on the monitor screen. 
124 
Opens the file 11 STOROUT 11 which will store 
hourly groundwater, runoff, storage, and 
outflow. Opens the file 11 RUNOFFS 11 which was 
created in SSMADA entering into the computer 
the hourly runoff and precipitation. 
Prints the Program heading for the data. 
Prompts user if all data or just summary data 
are to be printed out. 
Prints out the table heading if all the data 
are to be printed out. If just the summary 
data are to be printed out then these 
commands are skipped. 
Prompts user for surface area of the lake in 
acres. 
Initialize variables to be used in 
determining; maximum storage, minimum 
storage, cumulative precipitation, maximum 
outflow, minimum outflow, cumulative runoff, 
storage, and outflow. 
Tells computer how many hours there are data 
for, prompts the user for what month the 
simulation is being done for, and initializes 
the day and hour count to one. 















TABLE 20 -- CONTINUED 
DESCRIPTION 
Sends computer to the subroutines which 
randomly generates, using the empirical 
probability distributions, evaporation (lines 
20000 through 21680) and groundwater {lines 
21690 through 26430) corresponding to the 
month which is being simulated. 
Conversion of all known quantities; runoff, 
precipitation, groundwater, and evaporation 
to units of acre-feet. 
Calculation of the current inflow. 
Calculation of the average net inflow 
Calculation of the variable "N". 
Sends computer to the subroutine which 
calculates the current outflow and storage 
(lines 10000 through 10180). 
Checks if this is the first run through the 
loop. 
These lines are executed if it is the first 
run. The computer will prompt for the final 
storage, outflow, and net inflow from the 
previous month. If these values are unkown 
the computer skips down to line 10080. IF 
these values are known, the net inflow and 
11 n11 are recalculated. 
Calculation of the current outflow and 
storage which corresponds to the "N" which 
has been calculated. If outflow is 
calculated to be negative the outflow is 
equal to zero. 
Return to line 815. 














TABLE 20 -- CONTINUED 
DESCRIPTION 
If only summary data are to be printed then 
skip to line 900. 
Print-out of hourly runoff, storage, and 
outflow if desired. 
Store hourly values of groundwater, runoff, 
storage, and out fl ow in the file 11 STOROUT 11 • 
Calculation of cumulative groundwater, 
cumulative precipitation, cumulative runoff, 
cumulative outflow, maximum and minimum 
storage, and maximum and minimum outflow. 
Returns program to the beginning of the loop, 
line 660. 
Prompts user for watershed area. 
Calculation of monthly cumulative 
precipitation, percent runoff, and percent 
outflow. 
Print-out of summary data: maximum, minimum, 
and final storage; maximum, minimum, final, 
and cumulative outflow; final and cumulative 
inflow; percent runoff; and percent outflow 
for the month being simulated. 
Close the files "RUNOFFS" and 11 STOROUT 11 • 
Prompts user if a solids analysis is to be 
performed. If no solids analysis is to be 
performed then the program ends for that 
month's simulation. If a solids analysis is 
to be done then the program goes to the 
subroutine which begins on line 30000. 












TABLE 20 -- CONTINUED 
DESCRIPTION 
Opens the file 11 STOROUT 11 • 
Initializes variables to be used. 
Calculation of the suspended solids mean in 
the outflow during the transition period, 48 
hours, and then will use the non-runoff 
condition probability distribution to 
determine the suspended solids concentration. 
Checks if there is runoff. 
If no runoff, but for the hour before there 
was runoff this would indicate the transition 
period. Thus, for each hour, up to 48 hours, 
a standard deviation concentration value will 
be randomly generated and added to the 
corresponding mean suspended solids 
concentration. If there is no runoff for a 
period of time greater than 48 hours, then 
the last mean suspended solids concentration 
will be added, until there is runoff, to the 
standard deviation concentration value which 
is randomly generated using the empirical 
probability distribution. 
If there is runoff, the outlet suspended 
solids concentration using the empirical 
probability distribution is randomly 
generated. 
Calculation of total outlet suspended solids 
by adding the current outlet suspended solids 
to the previous total outlet suspended 
solids. 
Sends computer to the subroutine which 
randomly generates, using the empirical 
probability distribution, the suspended 
solids concentration in the main inlet and 













TABLE 20 -- CONTINUED 
DESCRIPTION 
Calculation of total input suspended solids 
by adding the current input suspended solids 
to the previous total input suspended solids. 
Sends the computer back up to line 30210 
until the whole month has been done. 
Calculation of percent removal of suspended 
solids and conversion of outlet and inlet 
suspended solids mass to pounds. 
Close the file 11 STOROUT 11 • 
Open the file 11 STOROUT 11 • 
Initializes variables to be used. 
Calculation of the total solids mean in the 
outflow during the transition period, 48 
hours, and then will use the non-runoff 
condition empirical probability distribution 
to determine the total solids concentration. 
Checks if there is runoff. 
If no runoff, but for the hour before there 
was runoff this would indicate the transition 
period. Thus, for each hour, up to 48 hours, 
a standard deviation concentration value will 
be randomly generated and added to the 
corresponding mean total solids 
concentration. If there is no runoff for a 
period of time greater than 48 hours, then 
the last mean total solids concentration will 
be added, until there is runoff, to the 
standard deviation concentration value which 
is randomly generated using the empirical 
probability distribution. 
If there is runoff the outlet total solids 
concentration using the empirical probability 












TABLE 20 -- CONTINUED 
DESCRIPTION 
Calculation of total outlet total solids by 
adding the current outlet total solids to the 
previous total outlet total solids. 
Sends computer to the subroutine which 
randomly generates, using the empirical 
probability distribution, the total solids 
concentration in the main inlet and three 
pipes {lines 45000-45170). 
Calculation of total input total solids by 
adding the current input total solids to the 
previous total input total solids~ 
Sends the computer back up to line 31090 
until the whole month has been done. 
Calculation of percent removal of total 
solids and conversion of outlet and inlet 
total solids mass to pounds. 
Close the file 11 STOROUT 11 • 
Print-out of suspended solids data; the total 
input mass, total output mass, and percent 
removal for the simulated month. 
Print-out of total solids data; the total 
input mass, total output mass, and percent 
removal for the simulated month. 
· Returns the computer to line 1120 which is 
the end of the program. 
APPENDIX D 
Sample Analysis Procedure 
Sample Preservation 
The samples were iced or refrigerated to 4°C to minimize 
microbiological decomposition of solids. Sample analysis began as 
soon as possible, within 24 hours, in the University of Central 
Florida's Environmental Engineering Lab. 
Apparatus. 
Aluminum Weighing Dish 





Gelman Filter Apparatus 
lOOml Graduated Cylinder 
Glass Microfibre Filters - Whatman 4.25 cm GF/C 
Total Solids Determination. 
1. Weigh dried and cleaned beaker. 
2. Place 100 ml of well-mixed sample into the beaker, three 
analysis per sample. 
3. Dry in l03°C oven, 24 hours. 
4. Remove sample and cool in dessicator, 45 minutes. 
5. Weigh cooled beaker. 
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6. Calculate total solids concentration by the average of three 
analysis. 
7. Clean beakers. 
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Suspended Solids Determination. 
Note: 
1. Rinse the glass fiber filter with 200 ml of distilled water, 
place in 103°C oven for 45 minutes, remove from oven and let 
cool in dessicator for 30 minutes. 
2. Weigh clean filter and weighing dish. 
3. Filter 100 ml of well-mixed sample through filter apparatus, 
rinse with distilled water, three analyses per sample. 
4. Remove filter and place in weighing dish, note color of 
filter. 
5. Dry filter and weighing dish in oven at 103°c for 45 
minutes. 
6. Remove and cool filter and weighing dish in a dessicator for 
30 minutes. 
7. Weigh cooled filter and weighing dish. 
8. Calculate total suspended solids concentration by the 
average of three samples. 
Three blanks, clean filter and weighing dish were run with 
each analysis. The final weights of the samples were adjusted 
according to the difference of the blank weights, before the 
suspended solids concentration was calculated. 
Volatile Solids Determination. 
1. Use the cooled filter and weighing dish from the suspended 
solids determination. (See asterik, *, for explanation.) 
2. Dry filter and weighing dish in oven at 55o0 c for 15 
minutes. 
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3. Remove and cool filter and weighing dish in a dessicator for 
30 minutes. 
4. Weigh cooled filter and weighing dish. 
5. Calculate the non-volatible suspended solids concentration, 
by the average of the three samples. 
Note: The three blanks were also used in detennining the 
non-volatile suspended solids concentration. 
*This procedure, for the detennination of volatile solids, does not 
follow the procedure stated in Standard Methods (APHA, 1985). To 
determine if there was a notable difference between the procedure 
used and the procedure in Standard Methods (APHA, 1985), blank 
filters were examined and the results compared. The results are 
shown in Table 21. An example of how this difference affects this 
research is as follows. For example if the average difference is 
0.0003 grams which corresponds to a concentration of 3.0 milligrams 
per liter (mg/L) and if a sample had a non-volatile concentration of 
6.0 mg/L and a volatile concentration of 30 mg/L then the percent 
error is 50% for the non-volatile concentration and 10% for the 
volatile concentration. Since this research was concerned with the 
outlet water quality where the non-volatile concentration was very 
small, no conclusions can be stated using the non-volatile 
concentrations due to the possible high percent error induced by the 
error in the examination procedure. 
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TABLE 21 
COMPARISON OF THE TWO DIFFERENT PROCEDURES 
CLEANED AT 103°C 
DIFFERENCE BETWEEN TARE AND 











































Average = -0.0008 
Average Difference = 0.0007 g 
CLEANED AT 55o°C 
DIFFERENCE BETWEEN TARE AND 

















ACTUAL GROUNDWATER LEVEL MEASUREMENTS 
FEET ABOVE LAKE LEVEL ESTIMATED SEEPAGE 
NORTH SOUTH CFS 
AT AT TOTAL 
DATA 20.2' 50' NORTH SOUTH TOTAL CFH 
8/19/86 2.13 1.90 0.97 0.10 1.07 3852 
8/22/86 2.32 2.03 1.06 0.11 1.17 4212 
8/27/86 2.20 2.00 1.00 0.11 1.11 3996 
9/5/86 1.80 1.60 0.81 0.09 0.90 3240 
9/12/86 2.16 1.90 0.98 0.10 1.08 3888 
9/18/86 2.10 1.75 0.96 0.09 1.05 3780 
10/23/86 1.30 1.65 0.58 0.09 0.67 2412 
11/3/86 1.82 1.72 0.81 0.09 0.90 3240 






K = penneability constant for the Lake Angel area equal to 
20 ft/day (Laboratory Measured and Garlanger, 1986) 
L = distance between the well and the lake 
H
1 




= the feet above the lake level plus the depth to the 
impenneable clay layer 
For the Lake Angel area there is a relatively impermeable clay layer 
about 30 to 60 feet below the surface (Garlanger 1986). When 
calculating the groundwater seepage H1 was assumed to be 30 feet and 
137 
K was assumed to be 20 ft/day (147 Gal/Ft 2-day). The effective 
length for seepage on the north well side is approximately 1300 feet, 
while the effective length for seepage on the south side is 
approximately 400 feet. 
8/19/86 
North at 20.2' 
Q = [147/(2)(20.2)][32.132 - 302] = 481 gal/ft-day 
481 gal/ft-day x 1300 ft x 1 cfs/0.646(106)gal = 0.97 CFS 
South at 50' 
Q = [147/2(50)][31.902 - 302) = 173 gal/ft-day 
173 gall/ft-day x 400 ft x 1 cfs/0.646(106)gal = 0.10 CFS 
Total Q = 0.97 + 0.10 = 1.07 CFS 
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